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PREFACE 
The "Specification for the Design of Light Gage Cold-Formed Steel Structural 
Members," first published by American Iron and Steel Institute in April 1946 
and revised in subsequent second (1956) and third (1960) editions has gained 
both national and international recognition. It is accepted as the design standard 
for cold-formed steel structural members in: The Basic Building Code spon-
sored by the Building Officials Conference of America, the National Building 
Code of the National Board of Fire Underwriters, the Southern Standard Build-
ing Code sponsored by the Southern Building Code Congress and the Uniform 
Building Code of the International Conference of Building Officials. This design 
standard is now used wholly or partly by most of the cities and other jurisdictions 
in the United States having building codes. 
In this third edition, the Manual has been revised and enlarged. The 1960 
Edition of the Specification, reflecting rapid technical developments and the 
results of continued research, is included as Part I. 
In Parts III and IV, the illustrative examples and the tables and charts have 
been revised and expanded to conform with the recent revisions to the Specifi-
cation and to further simplify the application of the Specification to design. 
This has included the addition of seven new charts to Part IV. 
For the designing engineer this Manual will provide information for deter-
mining the safe load capacities and deflections of sections made of any com-
bination of flat elements formed from sheet or strip steel. The tables of struc-
tural properties will be useful not only in selecting from the sections shown 
but also for approximating the corresponding properties of similar sections. 
The provisions of the Design Specification and the data contained in this 
Manual give accurate results for carbon and low-alloy steels. They do not apply 
to non-ferrous metals whose modulus of elasticity is substantially different from 
that of steel. 
Designers are by no means limited to the use of sections listed in the 
Tables of Part IV of this Manual. These specific sections are not necessarily 
stock sections. They are presented primarily as a guide in the design of light 
gage cold-formed steel strucural members. The flexibility of the forming 
processes and the great variety of shapes which may be formed of sheet and 
strip steel are such that substantial economies can often be effected, or particu-
lar end use requirements met, by the use of special sections. However, the 
designer should seek the advice of manufacturers or fabricators before specify-
ing a special section. 
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PART I 
SPECIFICATION FOR THE 
DESIGN OF LIGHT GAGE COLD·FORMED 
STEEL STRUCTURAL MEMBERS 
1960 Edition 
SECTION 1. GENERAL 
l.l-SCOPE 
This Specification shall apply to the design of structural members cold formed 
to shape from sheet or strip steel and used for load-carrying purposes in buildings. 
Nothing herein is intended to conflict with provisions of the Specifications 
issued by the American Institute of Steel Construction for the Design, Fabrica-
tion, and Erection of Structural Steel for Buildings nor with the Standard Specifi-
cations for Open Web Steel Joists as issued by the Steel Joist Institute. 
1.2-MATERIAL 
This specification contemplates the use of steel sheet and strip of structural 
quality as defined in general by the provisions of the following standard specifi-
cations of the American Society for Testing Materials: '*' 
Flat-Rolled Carbon Steel Sheets of Structural Quality, ASTM Designa-
tion: A245 
Hot-Rolled Carbon Steel Strip of Structural Quality, ASTM Designation: 
A303 
High Strength Low Alloy Cold-Rolled Steel Sheets and Strip, ASTM 
Designation: A374 
High Strength Low Alloy Hot-Rolled Steel Sheets and Strip, ASTM Des-
ignation: A375 
The above listing does not exclude the use of material ordered or produced 
to other than the listed specifications provided such material conforms to the 
chemical and mechanical requirements of one of the listed specifications or 
other published specification which establishes its properties and suitability, and 
provided it is subjected by either the producer or the purchaser to analyses, tests 
and other controls to the extent and in the manner prescribed by one of the listed 
specifications. 
The terms C, B and A when used herein to designate grades of steel refer to 
grades provided by ASTM Specifications A245 and A303. The use of any other 
grade of steel shall be based upon its specified minimum properties at the unit 
stresses prescribed herein for "other" grades. 
• Tentative Specification for Zinc-Coated (Galvanized) Steel Sheets of Structural 
Quality, Coils and Cut Lengths, ASTM Designation: A446-60T was adopted since publi-
cation of 1960 Edition of this Specification. 
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SECTION 2. DESIGN PROCEDURE 
2.I-PROCEDURE 
All computations for safe load, stress, deflection and the like shall be in accord-
ance with conventional methods of structural design except as otherwise specified 
herein. 
2.2-DEFINITIONS 
Where the following terms appear in this Specification they shall have the 
meaning herein indicated: 
(a) Stiffened Compression Elements. The term "stiffened compression 
elements" shall mean flat compression elements (i.e., plane compression flanges 
of flexural members and plane webs and flanges of compression members) of 
which both edges parallel to the direction of stress are stiffened by connection 
to a stiffening means (i.e., web, flange, stiffening lip, intermediate stiffener, or 
the like) conforming to the requirements of Section 2.3.2.* 
(b) Unstiffened Compression Elements. Any flat element which is 
stiffened at only one edge parallel to the direction of stress shall be considered 
an "unstiffened" element. 
(c) Multiple-Stiffened Elements. A multiple-stiffened element is an ele-
ment that is stiffened between webs, or between a web and an edge, by means 
of intermediate stiffeners which are parallel to the direction of stress and 
which conform to the requirements of Section 2.3.2.2. A sub-element is the 
portion between adjacent stiffeners or between web and intermediate stiffener 
or between edge and intermediate stiffener. * 
(d) Flat-Width Ratio. The flat-width ratio, wit, is the ratio of the flat 
width, w, exclusive of edge fillets, of a single flat element to the thickness, t, 
of such element. In the case of sections such as 1-, T-, channel- and Z-shaped 
sections, the width, w, is the width of the flat projection of flange from web, 
exclusive of fillets and of any stiffening lip that may be at the outer edge of 
the flange. In the case of multiple-web sections such as hat-, U- or box-shaped 
sections, the width, w, is the flat width of flange between adjacent webs, 
exclusive of fillets. 
(e) Effective Design Width. Where the flat width, w, of an element is 
reduced for design purposes, the reduced design width, b, is termed the "effec-
tive width," or the "effective design width." This "effective design width" is 
determined in accordance with Sections 2.3.1 and 2.3.5. *' 
2.3-PROPERTIES OF SECTIONS 
Properties of sections (cross-sectional area, moment of inertia, section modu-
lus, radius of gyration, etc.) shall be determined in accordance with conventional 
methods of structural design. Properties shall be based on the full cross-section of 
the members (or net section where the use of a net section is customary) except 
where the use of a reduced cross-section, or "effective design width," is required 
by the provisions of Sections 2.3.1 and 2.3.5 of this Specification."" 
• Charts 1 and 2 in Part IV illustrate several types of stiffened elements and their Effective 
Cross Sections. 
• • Tables 1 to 11 in Part IV list properties of many sections. 
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2.3.1 Properties of Stiffcncd Compression Elements 
EIJective Design Width-In computing properties of sections of flexural 
members and in computing values of "Q" (Section 3.6.1) for compression 
members, the flat width, w, of any stiffened compression element having a flat-
width ratio larger than (wit) lim as hereinafter defined shall be considered 
as being reduced for design purposes to an elJective design width, b or b' , 
determined in accordance with the provisions of Sections 2.3.1.1 or 2.3.1.2, 
whichever is applicable, and subject to the limitations of Section 2.3.5 where 
applicable. That portion of the total width which is considered removed to 
arrive at the effective design width shall be located symmetrically about the 
center line of the element. * 
2.3.1.1 Elements Without Intermediate Stiffeners 
The effective design widths of compression elements which are not 
subject to the provisions of Section 2.3.1.2 governing multiple-stiffened 
elements shall be determined from the following formulas: * * 
For load determination: 
Flanges are fully effective (b = w) up to (w/thrn = 40201 VI 
(Table 2.3.1. A lists values of ( w/t)urn) 
For flanges with w/tlarger than (w/thm 
(bit) = 8040 (1 2010) 
V f (wit) V f 
For deflection determination:t 
Flanges are fully effective up to (wit) lim = 51601\1£ 
For flanges with wit larger than (w/thm 




(bit) = 10320 (1 2580) 
V f (wit) V f 
flat-width ratio 
effective design width 
actual unit stress in the compression element computed on 
the basis of the effective design width. * * 
"Charts 1 and 2 in Part IV illustrate several types of stiffened elements and their 
effective cross sections. Charts 3A to 3D show effecrive design widths for stiffened elements . 
.. .. The determination of effective design width may be facilitated by the use of Charts 
3A to 3D inclusive. Table 2.3.l.l. B shows effective design width for a unit stress of 20,000 
psi. It is to be noted that where the flat-width ratio exceeds (wit) 11m the properties of the 
secrion must frequently be determined by successive approximations, since the unit stress 
and the effective design width are interdependent. 
t Explanation of the differences for deflectio~ and safe load determinations appears 
in Part II under "Stiffened Compression Elements - Reduced Cross Section." 
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TABLE 2.3.1.1. A 
Maximum Width/Thickness Ratios, (w/thm, at which Stiffened 


















































4020/ Vf 5160/ Vf 
TABLE 2.3.1.1. B 
Ratio bit of Effective Design Width to Thickness 
of Stiffened Compression Elements, for fb = 20,000 psi 
bit for bit for 
Load Deflection wit Load Deflection 
Determination Determination Determination Determination 
28.4 28.4 120 50.1 61.9 
29.9 30 140 51.0 63.5 
33.7 35 160 51.7 64.7 
34.7 36.5 180 52.3 65.6 
36.6 39.7 200 52.8 66.3 
38.9 43.4 225 53.2 67.0 
40.6 46.4 250 53.6 67.6 
42.1 48.8 275 53.9 68.1 
43.3 50.8 300 54.1 68.5 
45.3 54.0 350 54.5 69.2 
46.7 56.3 400 54.8 69.6 
47.8 58.2 450 55.0 70.0 
48.7 59.7 500 55.2 70.3 
• (Wit) 11m for load determination, see Section 2.3.1. 
•• (wit) 11m for deflection determination, see Section 2.3.1. 
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2.3.1.2 Multiple-Stiffened Elements 
Where the flat-width ratio of a sub-element of a multiple-stiffened 
element does not exceed 60, the effective design width, b, of such sub-
element shall be determined in accordance with the provisions of Section 
2.3.1.1. Where such flat-width ratio exceeds 60, the effective design width, 
b/, of the sub-element shall be determined from the following formula: 
b' = l? _ 0.10 ( "!!. - 60 ) 





flat-width ratio of sub-element 
effective design width determined In accordance with the 
provisions of Section 2.3.1.1 
effective design width of sub-element to be used in design 
computations 
For computing the effective structural properties of a member having 
multiple-stiffened elements, the area of any intermediate stiffener shall 
be considered reduced to an effective area as given by the expression 
Aeff = A full (b/w), or 
Aeff = A iull (b' Iw) , 
whichever is applicable. In the above expressions, Aeff and Aiuu refer 
only to the area of the stiffener section, exclusive of any portion of adjacent 
elements. 
The centroid of the stiffener is to be considered located at the centroid 
of the full area of the stiffener, and the moment of inertia of the stiffener 
about its own centroidal axis shall be that of the full section of the 
stiffener. 
2.3.2 Stiffeners for Compression Elements 
2.3.2.1 Edge Stiffeners 
In order that a flat compression element may be considered a "stiffened 
compression element" it shall be stiffened along each longitudinal edge 
parallel to the direction of stress by a web, lip, or other stiffening means, 
having not less than the following minimum moment of inertia: 
Im!n = 1.83t4 V (wit) 2 - 144 but not less than 9.2t 4 
where wit 
Im!n 
(See Table 2.3.2.1) 
flat-width ratio of stiffened element, and 
minimum allowable moment of inertia of stiffener (of any 
shape) about its own centroidal axis parallel to the stiff-
ened element. * 
Where the stiffener consists of a simple lip bent at right angles to the 
stiffened element, the required over-all depth d of such lip may be deter-
mined as follows: 
d = 2.8t \0/ (wit) 2 - 144 but not less than 4.8t 
(See Table 2.3.2.1) 
A simple lip shall not be used as an edge stiffener for any element 
having a flat-width ratio greater than 60. 
----
• Table 10 in Part IV lists properties of simple lip stiffeners. 
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TABLE 2.3.2.1 
Minimum Properties of Stiffeners for Compression Elements 
wit Imln dm1n I wit I m1n dmln 






13.2t4 5.4t 40 69.9t4 9.4t 
19.4r4 6.2t 50 89.0t4 10.2t 
24.6r4 6.7t 
I 
60 107.6r4 10.9t 
29.3t4 7.1t Over 60 1.83rl'w 
40.2t4 7.8t 
2.3.2.2 Intermediate Stiffeners 
In order that a flat compression element may be considered a "multiple 
stiffened element," it shall be stiffened between webs, or between a web 
and an edge, by means of intermediate stiffeners parallel to the direction 
of stress, and the moment of inertia of each such intermediate stiffener 
shall be not less than twice the minimum allowable moment of inertia 
specified for edge stiffeners in Section 2.3.2.1. The following limitations 
also shall apply: 
(a) If the spacing of stiffeners between two webs is such that the 
flat-width ratio of the sub-element between stiffeners is larger than 
(wit) llm (Section 2.3.1) only two intermediate stiffeners (those 
nearest each web) shall be considered effective. 
(b) If the spacing of stiffeners between a web and an edge stiffener 
is such that the flat-width ratio of the sub-element between stiffeners 
is larger than (w/thm (Section 2.3.1) only one intermediate stiffener 
shall be considered effective. 
(c) If intermediate stiffeners are spaced so closely that the flat-
width ratio between stiffeners does not exceed ( wit) lim (Section 
2.3.1) all the stiffeners may be considered effective. In computing the 
flat-width ratio of the entire multiple-stiffened element, such element 
shall be considered as replaced by an element without intermediate 
stiffeners whose width We is the whole width between webs or from 
web to edge stiffener, and whose equivalent thickness ts is determined 
as follows: 
t. = ,3/12 Is V We 
where Is = moment of inertia of the full area of the multiple-stiffened 
element, including the intermediate stiffeners, about its own centroidal 
axis. 
2.3.3 Maximum Allowable Flat-Width Ratios 
Maximum allowable overall flat-width ratios, wit, disregarding inter-
mediate stiffeners and taking as t the actual thickness of the element, shall be 
as follows: 
(a) Stiffened compression element having one longitudinal edge 
6 
connected to a web or flange element, the other stiffened by: 
Simple lip bent at right angle to the element .......................... 60 
Any other kind of stiffener . .. ..... . . 90 
(b) Stiffened compression element with both longitudinal edges 
connected to a web or flange element (U-type or box-type 
sections) ..................................... . ................................................................... 500 
(c) Unstiffened compression element ........ .................................... 60 
Note: Unstiffened compression elements that have flat-width ratios exceeding approx-
imately 30 and stiffened compression elements that have flat-width ratios exceeding 
approximately 250 are likely to develop noticeable deformation at the full allowable 
working stresses, without detriment to the ability of the member to carry design loads. 
Stiffened elements having flat-width ratios larger than 500 may be used with safety 
to support loads, but substantial deformation of such elements under load may occur 
and may render inapplicable the design formulas of this Specification. 
(d) Unusually Wide Flanges: Where a flange of a flexural member is 
unusually wide and it is desired to limit the maximum amount of 
curling or movement of the flange toward the neutral axis, the fol-
lowing formula applies to compression and tension flanges, either 
stiffened or unstiffened: 
_ ,-l,-gO-O-,O-O-Oth- .41100 C 
w max - "\j fav x "\j-h-
where 
wmax the width, in inches, of flange projecting beyond the web; 
or half of the distance between webs for box- or U-type 
beams. 
t thickness of flange in inches. 
h depth of beam in inches. 
c the amount of curling in inches. '*' 
fay the average stress in the full, unreduced flange width. 
[Where members are designed by the effective design 
width procedure, the average stress = the maximum stress 
x (the ratio of the effective design width to the actual 
width).] 
2.3.4 Maximum Allowable Web Depth 
The ratio hit of the webs of flexural members shall not exceed 
where 
h = clear distance between flanges, in. 
t = thickness of web, in. 
..... 150 
Where a web consists of two or more sheets, the hit ratio of the 
individual sheets shall not exceed .................................................................. 150 
2.3.5 Unusually Short Spans Supporting Concentrated Loads 
Where the span of the beam is less than 30 w' (w' as defined below) and it 
carries one concentrated load, or several loads spaced farther apart than 2 w', 
the effective design width of any flange, whether in tension or compression, 
shall be limited to the following: 
" The amount of curling that can be tolerated will vary with different kinds of sections 
and must be established by the designer. Amount of curling in the order of 5 % of the depth 
of the section is usually not considered excessive. 
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TABLE 2.3.5 
Short, Wide Flanges 
Maximum Allowable Ratio of Effective Design Width to Actual Width 
L/w' Ratio L/w' Ratio 
30 1.00 14 0.82 
25 0.96 12 0.78 
20 0.91 10 0.73 
18 0.89 8 0.67 
16 0.86 6 0.55 
In Table 2.3.5 above: 
L full span for simple spans; or the distance between inflection points 
for continuous beams; or twice the length of cantilever beams. 
w' width of flange projection beyond the web for I-beam and similar sec-
tions or half the distance between webs for box- or U-type sections. 
For flanges of I-beams and similar sections stiffened by lips at the outer edges, w' 
shall be taken as the sum of the flange projection beyond the web plus the depth 
of the lip. 
SECTION 3. ALLOW ABLE DESIGN STRESSES 
The maximum allowable unit stresses to be used in design shall be as follows: 
S.l-BASIC DESIGN STRESS 
Tension on the net section of tension members, and tension and compression, 
fb, on the extreme fibers of flexural members shall not exceed the values specified 
below except as otherwise specifically provided herein. 














Other fb = Specified minimum yield point/1.65 
For special provisions for members resisting wind or earthquake loads see 
Section 3.8, Wind or Earthquake Stresses. 
S.2-COMPRESSION ON UNSTIFFENED ELEMENTS* 
Compression, fe, in pounds per square inch, on flat unstiffened elements: 
(a) For wit not greater than 10: fo = fb 
except that when fb exceeds 30,000 psi the maximum wit ratio for 
----
• Chart 5 in Part IV shows allowable design stresses for unstiffened compression 
elements. 
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which fe may be taken equal to fb shall not exceed 
300,000 
fb 
In the case of such higher values of fb the allowable value of fe for 
w /t ratio less than 10 but greater than the ratio established by this 
paragraph shall be obtained by straightline interpolation. The interpola-
tion is to be made between (1) the value of fb at w /t as specified in 
this paragraph and (2) fe = 30,000 psi at w/t equal to 10. 
(b) For wi t greater than 10, but not greater than 25: 
fe = (1.667fb-8640) - (1/15) (fb-12,950) w/ t 
For steels with yield point in excess of 50,000 psi the value of fb to 
be used for the determination of fe when w / t exceeds 10 shall be 30,000 
psi. 
(Values of fe in accordance with formula are given in Table 3.2(b) for 
fb = 20,000, 18,000 and 15,000 psi) 
(c) For w/t from 25 to 60:* 
For Angle Struts: fe = 8,090,000/ (w /t) 2 
For all Other Sections: fe = 20,000 - 282 (w / t) 
(Values of fe in accordance with formulas are given in Table 3.2 (c) ) 
In the above formulas, w/t = flat-width ratio as defined in Section 2.2. 
TABLE 3.2(b) 
Allowable Design Stresses on Un stiffened Elements-Section 3.2 (b) 
ASTM A245 and A303 Grades of Steel 
For wi t Ratios Not Exceeding 25 
GradeC GradeB Grade A 
wit (psi) (psi) (psi) 
10 20,000 18,000 15,000 
12 19,060 17,330 14,730 
14 18,120 16,650 14,450 
16 17,180 15,980 14,180 
18 16,240 15,310 13,910 
20 15,300 14,630 13,640 
22 14,360 13,960 13,360 
24 13,420 13,290 13,090 
25 12,950 12,950 12,950 
• Unstiffened compression elements having ratios of wit exceeding approximately 30 
may show noticeable distortion of the free edges under allowable compressive stress without 
detriment to the ability of the member to support load. 
For ratios of wi t exceeding approximately 60 distortion of the flanges is likely to be so 
pronounced as to render the section structurally undesirable unless load and stress are limited 
to such a degree as to render such use uneconomical. 
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TABLE 3.2(c) 
Allowable Design Stresses on Un stiffened Elements-Section 3.2 (c) 
For w /t Ratios from 25 to 60 (All Gradf's of Sted) 
Allowable f. for Allowable f. for 
Ratio Angle Struts Other Sections Ratio Angle Struts Other Sections 
wit (psi) (psi) wit (psi) (psi) 
25 12,950 12,950 44 4,180 7,590 
26 11,970 12,670 46 3,820 7,030 
28 10,320 12,100 48 3,510 6,460 
30 8,990 11,540 50 3,240 5,900 
32 7,900 10,980 52 2,990 5,340 
34 7,000 10,410 54 2,770 4,770 
36 6,240 9,850 56 2,580 4,210 
38 5,600 9,280 58 2,400 3,640 
40 5,060 8,720 60 2,250 3,080 
42 4,590 8,160 
3.3-LATERALLY UNBRACED SINGLE WEB BEAMS* 
To prevent lateral buckling, the maximum compression stress f'c, in pounds 
per square inch, on extreme fibers of compression flanges of laterally unsupported 
straight 1-, Z- or channel-shaped flexural members, (not including multiple-web 
deck, U- and closed box-type members and curved or arch members) shall not 
exceed the allowable stress as specified in Sections 3.1 or 3.2 nor the following 
maximum stresses: 
(a) For 1- or channel-shaped sections: 
For Grade C Steel, when L/ry is greater than 71 but less than 158: 
f'c = 22,200 _ 0.442 ( ~ ) 2 
when L/ry is equal to or greater than 158: 
f'c = 280,000,000/(L/ry)2 
For other Grades of Steel, when L/ry is greater than 10,050/V4 but less 
than 22,400/V fb : 
f' - ~ f _ fb2 (L)2 
c - 9 b 907 X 106 G 
when L/ry is equal to or greater than 22,400/Vt;" 
f'c = 280,000,000/(L/ry)2 
(b) For Z-shaped sections: 
For Grade C Steel, when L/ry is greater than 50, but less than 112: 
----
f'c = 22,200 _ 0.884( ~ )2 
when L/ry is equal to or greater than 112: 
f'c = 140,000,000/ (L/ry) 2 
• Chart 6 in Part IV shows maximum allowable compression stress in flanges of beams 
subject to lateral buckling. 
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For other Grades of Steel, when L/fy is greater than noo/V fb but less 
than 15,900/v4 
f' - -_ f _ 1[,- L 10 J" ( )2 
e - 9 b 453 X lQIJ G 
when L/ry is equal to or greater than 15,900/V~ 
fIe = 140,000,000/(L/ry )2 
where L the unbraced length of the member, in. 
ry = the radius of gyration of the entire section of the member about 
its gravity axis parallel to the web, in. 
3.4-ALLOWABLE STRESSES IN WEBS OF BEAMS 
3.4.1 Shear Stresses in Wehs 
The maximum average shear stress, v, in pounds per square inch, on the 
gross area of a flat web shall not exceed: 
64,000,000 . h . f 2/~ f 
v = (h/t)2 Wlt a maxlmum 0 ) b· 
where 
t = web thickness, in. 
h = clear distance between flanges, in. 
fb = basic working stress as specified in Section 3.1, psi. 
Where the web consists of two or more sheets, each sheet shall be con-
sidered as a separate member carrying its share of the shear. 
(Values in accordance with the above formula are given in Table 3.4.1.) 
TABLE 3.4.1 
Maximum Allowable Shear in Flat Webs 
64,000,000 




















20,000(Maximum for fb = 30,000 psi) 
17,780 
16,000(Maximum for fb = 24,000 psi) 











3.4.2 Bending Stress in Webs 
The compressive stress fw in pounds per square inch in the flat web of a 
beam due to bending in its plane, shall not exceed fb nor shall it exceed: 
f _ 520,000,000 
w - (h/t)2 
where h = clear distance between flanges, in. 
3.4.3 Combined Bending and Shear Stresses in Webs 
For webs subject to both bending and shear stresses, the member shall be so 
proportioned that such stresses do not exceed the allowable values specified in 









actual compressive stress at junction of flange and web, psi. 
actual average shear stress, i.e., shear force per web divided 
by web area, psi. 
3.S-WEB CRIPPLING OF BEAMS 
To avoid crippling of flat webs of beams, concentrated loads and reactions 
shall not exceed the values of Pmax given below. 
(a) Beams of Grade C steel having single unreinforced webs with inside cornet 
radius equal to or less than the thickness of the sheet: 
( 1) For end reactions or for concentrated loads on the outer ends of canti-
levers 
Pmax = 100t2 [980 + 42 (Bit) - 0.22(B/t) (hit) - 0.11 (hit)]'" 
For other grades of steel and other corner radii, the value Pmnx given 
by the above formula is to be multiplied by 
k(1.15-0.15n) (1.33-0.33k) 
(2) For reactions of interior suppOrts or for concentrated loads located 
anywhere on the span 
Pmnx = 100t2 [3050 + 23(B/t) - 0.09(B/t) (hit) - 5 (hit)]*"" 
For other grades of steel and other corner radii, the value Pmax given 
by the above formula is to be multiplied by 
k (1.06 - 0.06n) (1.22 - 0.22k) 
(b) For I-beams made of two channels connected back to back or for similar 
sections which provide a high degree of restraint against rotation of the web, 
such as I sections made by welding two angles to a channel: 
( 1) For end reactions or for concentrated loads on the outer ends of canti-
levers 
Pmax = t 2fb (7.4 + 0.93 yB/t) to*"" 
• See Chart 7 A in Part IV . 
•• See Chart 7B in Part IV . 
••• See Chart 7C in Part IV. 
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(2) For reactions of interior supports or for concentrated loads located 
anywhere on the span 
Pmnx = t2fb( ILl + 2.41 VB/t) *' 
In all of the above P max represents the load or reaction for one solid web sheet 
connecting top and bottom flanges. For webs consisting of two or more such 
sheets, Pm ax shall be computed for each individual sheet and the results added, 
to obtain the allowable load or reaction for the composite web. 
For loads located close to ends of beams, provision (a-2) and (b-2) apply, 
provided that for cantilevers the distance from the free end to the nearest edge 
of bearing, and for a load close to an end support, the clear distance from edge 
of end bearing to nearest edge of load bearing, is larger than 1.5 h. Otherwise 
provisions (a-l) and (b-l) apply. 
In the above formulas, 
P max = allowable concentrated load or reactions, lbs. 
t = web thickness, in. 
B = actual length of bearing, in inches, except that in the above formulas 
the value of "B" shall not be taken greater than "h". 
h = clear distance between flanges, in. 
fb = basic allowable design stress, psi. (Section 3.1) 
k = fb/20,000. 
n = Ratio of inside bend radius divided by web thickness. 
3.6-AXIALLY LOADED COMPRESSION MEMBERS 
3.6.1 Unit Stress 
The average axial stress, PIA, in compression members shall not exceed 
the values of Fa, as follows: *' *' 
For Grade C Steel 
L/r less than 132/VQ : 17,OOOQ - 0.485Q2(L/r)2 
L/r equal to or greater than 132/VQ : 
149,000,000 
Fa = (L/r)2 
For other Grades of Steel 
24,200 
L/r less than ---====----===-
Vfy VQ (
QfyL/r )2 
Fa = 0.515Qfy - 47,500 
24,200 149,000,000 
L/r equal to or greater than -V-==fy=--V=Q=- Fa (L/r) 2 
In the above formulas, 
P = total load, lb.; 
A = full, unreduced cross-sectional area of the member, in.2 ; 
Fa = maximum allowable average axial stress in compression, psi.; 
L = unsupported length of member, in.; *' *' *' 
.. See Chart 7D in Part IV . 
•• Values of F. for different Q and Llr values appear in Chart 4 in Part IV . 
••• L = For continuous compression chords of trusses with rigid welded connections 
at panel points, the value of L to be used in computing Llr in the plane of the truss is 3/4 
the distance between panel points. 
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r = radius of gyration of full, unreduced cross-section, in.; 
fy = yield point of steel, psi.; 
Q = a factor determined as follows: 
(a) For members composed entirely of stifjened elements, "Q" is the ratio 
between the effective design area, as determined from the effective de-
sign widths of such elements, and the full or gross area of the cross-
section. The effective design area used in determining Q is to be based 
upon the basic design stress fb as defined in Section 3.1. 
(b) For members composed entirely of unstifjened elements, "Q" is the ratio 
between the allowable compression stress fe for the weakest element of 
the cross-section (the element having the largest flat-width ratio) and 
the basic design stress fb; where fe is as defined in Section 3.2 and fb is 
as defined in 3.1. 
(c) For members composed of both stiffened and unstiffened elements the 
factor "Q" is the product of a stress factor Q. computed as outlined in 
(b) above and an area factor Qa computed as outlined in (a) above, 
except that the stress upon which Qa is to be based shall be that value 
of the unit stress fe which is used in computing Q.; and the effective 
area to be used in computing Qa shall include the full area of all un-
stiffened elements. 
3.6.2 Maximum Slenderness Ratio 
The maximum allowable ratio Llr of unsupported length, L, to radius of 
gyration, r, of compression members shall not exceed 200, except that during 
construction only Llr shall not exceed 300. 
3.7-COMBINED AXIAL AND BENDING STRESSES 
Members subject to both axial compression and bending stresses shall be so 
proportioned that the quantity 
fa f'b hall d' Fa + Fb s not excee umty, 
where 
Fa = maximum axial unit stress in compression that is permitted by this 
Specification where axial stress only exists. (Section 3.6.1) 
Fb = maximum bending unit stress in compression that is permitted by this 
Specification where bending stress only exists. (Sections 3.1, 3.2 and 
3.3) 
f. = axial unit stress = axial load divided by full cross-sectional area of 
p 
member'A' 
f'b = bending unit stress = bending moment divided by section modulus of 
member, ~' noting that for members having stiffened compression 
elements the section modulus shall be based upon the effective design 
widths of such elements. 
Exception: For primary members of slenderness ratio larger than 120 with 
both ends hinged (not flat or otherwise restrained against rotation) and subject 
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co lateral loads and/ or mom ems at both ends such that the member is deflected 
in single curvature, the quanrity Fb in the above formula shall be replaced by 
[ I-f (L/r-120)2] Fb a 30 X 106 
3.B-WIND OR EARTHQUAKE STRESSES 
3.8.1 Wind or Earthquake only 
Members and assemblies subject only to stresses produced by wind or earth-
quake forces may be proportioned for unit stresses 33 Ya per cent greater than 
those specified for dead and live load stresses. A corresponding increase may be 
applied to the allowable unit stresses in connections and details. 
3.8.2 Combined Forces 
Members and assemblies subject to stresses produced by a combination of 
wind or earthquake and other loads may be proportioned for unit stresses 
33 Ya percent greater than those specified for dead and live load stresses, pro-
vided the section thus required is not less than that required for the combina-
tion of dead load and live load. A corresponding increase may be applied to 
the allowable unit stresses in connections and details. 
3.9-CYLINDRICAL TUBULAR COMPRESSION MEMBERS 
The ratio, D / t, of mean diameter to wall thickness of a cylindrical tubular 
compression member shall not exceed 3,300,000/fy • For such members, the allow-
able unit stress P / A under axial load shall be as prescribed by Section 3.6.1, with 
Q=I. 
SECTION 4. CONNECTIONS 
4.1-GENERAL 
Connections shall be designed to transmit the maximum stress in the con-
nected member with proper regard for eccentricity. In the case of members subject 
to reversal of stress, except if caused by wind or earthquake loads, the connection 
shall be proportioned for the sum of the stresses. 
4.2-WELDS 
4.2.1 Fusion Welds 
For all grades of steel, fusion welds shall be proportioned so that the unit 
stresses therein do not exceed 13,600 psi in shear on the throat of fillet or 
plug welds. The allowable unit stress in tension or compression on butt welds 
shall be the same as prescribed for the base metal being joined, provided the 
weld penetrates 100 per cem of the section. Stresses due to eccentricity of 
loading, if any, shall be combined with the primary stresses; and the combined 
unit stresses shall not exceed the values given above. 
Stresses in a fillet weld shall be considered as shear on the throat for any direc-
tion of the applied stress. Neither plug nor slot welds shall be assigned any 
value in resistance to any stresses other than shear. 
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All fusion welding shall comply with the provisions of the Standard Code for 
Arc and Gas Welding in Building Construction of the American Welding 
Society, of latest edition, except as otherwise specified herein and excepting 
such provisions of that Code as are clearly not applicable to material of the 
thickness to which this Specification applies. 
4.2.2 Resistance Welds 
In sheets joined by spot welding (including projection welding) the allow-
able shear per spOt shall be as follows: 
Thickness of Allowable Shear Thickness of Allowable Shear 
Thinnest Outside Strength per Thinnest Outside Strength per 
Sheet, In. Spot, lb. Sheet, In. Spot, lb. 
.0lD 50 .080 1075 
.020 125 .094 1375 
.030 225 .109 1650 
.040 350 .125 2000 
.050 525 .155 3000 
.060 725 .185 4000 
(The above values are based upon "Recommended Practices for Resistance Welding," 
American Welding Society, 1950. They are applicable for all structural grades of low 
carbon steel, and are based on a factor safety of approximately 2Y2. Values for inter-
mediate thicknesses may be obtained by straight-line interpolation. In the absence of 
other information the above values may also be applied to medium carbon and low alloy 
steels. Spot welds in such steels give somewhat higher shear strengths than those upon 
which the above values are based; however, they may require special welding conditions. 
In all cases welding shall be performed in accordance with the American Welding 
Society's "Recommended Practices for Resistance Welding.") 
4.3-CONNECTING TWO CHANNELS TO FORM AN I-SECTION 
The maximum permissible longitudinal spacing of welds or other connectors, 
Smax, joining two channels to form an I-section shall be 





L = length of compression member, in. 
Cl = radius of gyration of I-section about centroidal axis parallel to flange, in. 
r2 = radius of gyration of one channel about centroidal axis parallel to web, 
in. 
(b) For flexural members: 
where 
Smnx= L/6 
In no case shall the spacing exceed the value 
2 c Sw 
Slim = 
mq 
L = span of beam, in. 
Sw = strength of connection in tension, lb. 
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c = vertical distance between the two rows of connections near or at top 
and bottom flanges, in. 
q = intensity of load, on beam, lb. per lin. in. 
( For methods of determination see below) 
m = distance of shear center of channel from mid-plane of the web, in. For 
simple channels without stiffening lips at the outer edges, 
w2 
m= 2w+h/3 
For C-shaped channels with stiffening lips at the outer edges, 
wht 
m= 4Ix [wh+ 2d (h-d)] 
w = projection of flanges from inside face of web, in. (For channels with 
flanges of unequal width, w shall be taken as the width of the wider 
flange.) 
h = depth of channel or beam, in. 
d = depth of lip, in. 
Ix = moment of inertia of one channel about its centroidal axis normal to 
the web, in.4 
The intensity of load, q, is obtained by dividing the magnitude of concentrated 
loads or reactions by the length of bearing. For beams designed for "uniformly 
distributed load," the intensity q shall be taken equal to three times the intensity 
of the uniformly distributed design load. If the length of bearing of a concentrated 
load or reaction is smaller than the weld spacing s, the required strength of the 
welds or connections closest to the load or reaction P is 
Sw =Pm/2c 
The required limiting spacing of connections Slim depends upon the intensity 
of the load directly at the connection. Therefore, if uniform spacing of connec-
tions is used over the whole length of the beam, it shall be determined at the 
point of maximum local load intensity. In cases where this procedure would 
result in uneconomically close spacing either one of the following methods may 
be adopted: (a) the connection spacing may be varied along the beam according 
to the variation of the load intensity; or (b) reinforcing cover plates may be 
welded to the flanges at points where concentrated loads occur. The strength in 
shear of the connections joining these plates to the flanges shall then be used for 
Sw, and "c" shall represent the depth of the beam. 
4.4-SPACING OF CONNECTIONS IN COMPRESSION ELEMENTS 
The spacing, in line of stress, of welds, rivets, or bolts connecting a compres-
sion cover plate or sheet to a non-integral stiffener or other element shall not 
exceed 
(a) that which is required to transmit the shear between the connected parts 
on the basis of the design strength per connection specified elsewhere herein; nor 
(b) s = 6300t/\I£,* where s is spacing in inches, t is the thickness of the 
• Chart 8 in Part IV shows values of s. 
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cover plate or sheet in inches, and f is the design stress in the cover plate or 
sheet in pounds per square inch; nor 
(c) three times the flat width, w, of the narrowest unstiJfened compression 
element in that portion of the cover plate or sheet which is tributary to the con-
nections, but need not be less than the spacing indicated below unless closer 
spacing is required by (a) or (b) of this Section 4.4. 
Value of fo Permitted 
in Unstiffened Element 
0.9 fb or less 
Greater than 0.9 fb but not 
more than 30,000 psi 
Over 30,000 psi 





In the case of intermittent fillet welds parallel to the direction of stress the 
spacing shall be taken as the clear distance between welds plus one-half inch. In 
all other cases the spacing shall be taken as the center to center distance between 
connections. 
Exception: The requirements of this Section 4.4 do not apply to cover 
sheets which aCt only as sheathing material and are not con-
sidered as load-carrying elements. 
4.5-BOLTED CONNECTIONS* 
The following requirements govern bolted connections of light gage steel 
structural members: 
4.5.1 Minimum Spacing and Edge Distance in Line of Stress 
The clear distance between bolts which are arranged in rows parallel to the 
direction of force, also the distance from the center of any bolt to that end or 
other boundary of the connecting member towards which the pressure of the 
bolt is directed, shall not be less than 1 Y2 d nor less than P /fbt 
where 
d = diameter of bolt, in. 
P = force transmitted by bolt, lb. 
t = thickness of thinnest connected sheet, in. 
fb = basic design stress, as defined elsewhere, psi. 
4.5.2 Tension Stress on Net Section 
The tension stress on the net section of a bolted connection shall not exceed fi> 
nor shall it exceed (0.1 + 3d/s)fb 
where 
s = spacing of bolts perpendicular to line of stess, In. In the case of a 
single bolt, s = width of sheet. 
d and fi> are as previously defined. 
4.5.3 Bearing Stress in Bolted Connections 
The bearing stress on the area (d x t) shall not exceed 3.5 fb 
• Tables 14, 15 and 16 in Part IV list allowable loads for bolts. 
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4.5.4 Shearing Stress on Bolts 
Shear on bolts, under dead and live load, shall not exceed the following values 
in pounds per square inch on the gross cross-sectional area of the bolt: 
(a) Unfinished bolts ..... ......... ......... ..... 10,000 
(b) High -strength bolts conforming to the American Society for 
Testing Materials Specifications for Quenched and Tempered 
Steel Bolts with Suitable Nuts and Plain Hardened Washers, 
ASTM Designation A325, as amended to date: 
In joints in which slip into bearing of the joined parts 
is permissible and in which the joined parts do not pass 
through the threaded portion of the bolt . 22,000 
In joints in which slip into bearing of the joined parts 
is permissible and in which the joined parts pass through 
the threaded portion of the bolt. . ....... 15,000 
In joints in which slip into bearing is not permissible 
(bolts shall be installed in accordance with the Speci-
fications for Assembly of Structural Joints using High-
Strength Steel Bolts, approved by Research Council on 
Riveted and Bolted Structural Joints of the Engineering 
Foundation; the surfaces of the parts being joined shall 
be hot rolled (not cold-finished) surfaces either descaled 
or with normal tight mill scale, and, when assembled, all 
contact surfaces shall be free of dirt, oil, loose scale, burrs 
and other material that would prevent solid seating of 
the parts) ..... .. 15,000 
SECTION 5. BRACING REQUIREMENTS 
Structural members and assemblies of light gage steel construction shall be 
adequately braced in accordance with good engineering practice. The following 
provisions cover certain special cases and conditions. 
S.l-WALL STUDS 
The safe load-carrying capacity of a stud may be computed on the basis that 
wall material or sheathing (attached to the stud) furnishes adequate lateral sup-
POrt to the stud in the plane of the wall, provided the wall material and its attach-
ments to the stud comply with the following requirements: 
(a ) Wall material or sheathing must be attached to both faces or flanges of 
the studs being braced. 
(b) The maximum spacing of attachments of wall material to the stud being 
braced shall not exceed "am • x" as determined from the formula: 
8 E 12 k 
amn:< = A2 fy2 
where k is the test value as defined in (d) and the other terms are as 
defined in (c) and (d). 
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The slenderness ratio of the stud between attachments, a/r2, shall not exceed 
L/2rl. Therefore, the spacing of attachments shall not exceed that specified above 
nor shall it exceed: 
where 
L length of stud, in. 
rl radius of gyration of stud about its axis parallel to 
wall = VIdA, in. 
r2 = radius of gyration of stud about its axis perpendicular 
to wall = VI2/A, in. 
(c) The minimum modulus of elastic support, k, to be exerted laterally by 
the wall material and its attachments in order to brace the stud, shall be 
not less than-
for Steel of Grade C: k = 4.5 a A2 ; 
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for Grade B: 
for Grade A: 
k= 3.7aA2 
I? 
k = 2.6; A2 
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for steel of grade other than Grades A, B, and C: 
f 2 a A2 
k = 240,~OO,000 12 
where 
fy yield point of steel in the studs, psi. 
a actual spacing of attachments of wall material to stud measured 
along the length of stud, (a = 1 for continuous attachment), in. 
A area of cross section of stud, in.2 
12 moment of inertia of cross section of stud about its axis perpen-
dicular to wall, in.4 
k spring constant or modulus of elastic support of wall material 
(on each [one] side of stud) plus attachment, i.e., k = Fly 
where F is the force in pounds which produces an elongation of 
y inches of a strip of wall material of width "a" and of length 
equal to the distance between adjacent studs, lb. per in." 
(d) The lateral force, F, which each single attachment of the wall material 
shall be capable of exerting on the stud in the plane of the wall (in 
order to prevent lateral buckling of the stud) shall not be less than: 
keP .. 
Fm1n = -=--:::::::=~=---= 2 VEI2 k/a-P 
• Whether a given wall material or means of attachment satisfies the requirements of 
this Section may be established by the test procedure described in Part II of this Manual. 
Also included in Part II are a number of "k" values determined by the test procedure 







modulus of elastic support of the wall material and its attach-
ments as determined from tests, i.e., the value of "k" used in 
the formula to determine the maximum allowable spacing of 
attachments in (b), lb. per in. 
stud length in inches 
240 
design load on stud, lb. 
moment of inertia of stud about its axis perpendicular to the 
wall, in.4 
actual spacing of attachments measured along stud, in. 
(a = 1 inch for continuous attachment). 
Modulus of Elasticity = 29,SOO,000 psi. 
5.2-CHANNEL AND Z-SECTIONS USED AS BEAMS 
The following provisions for the bracing, against twist, of channel and Z-sec-
tions used as beams apply only when (a) neither flange is connected to deck or 
sheathing material in such a manner as to effectively restrain lateral deflection of 
the connected flange and (b) such members are loaded in the plane of the web. * 
5.2.1 Spacing of Braces 
Braces shall be attached both to the top and bottom flanges of the sections 
at the ends and at intervals not greater than one-quarter of the span length in 
such a manner as to prevent tipping at the ends and lateral deflection of either 
flange in either direction at intermediate braces. If one-third or more of the 
total load on the beams is concentrated over a length of one-twelfth or less of 
the span of the beam, an additional brace shall be placed at or near the center 
of this loaded length. 
5.2.2 Design of Braces 
Each intermediate brace, at top and bottom flange, shall be designed to 
resist a lateral force Pb determined as follows: 
(a) For a uniformly loaded beam, Pb = 1.SK times the load within a 
distance O.Sa each side of the brace. 
(b) For concentrated loads Pb = loOK times the concentrated load P 
within a distance 0.3a each side of the brace, plus a force F determined from 
the following formula, for each such concentrated load P located farther than 
0.3a, but not farther than a from the brace: 
F = 1.0 (1 -~) P K 0.7 a 
In the above formulas: 
For channels: 
K = mjh 
• When only one flange is connected to a deck or sheathing material to effectively 
restrain lateral deflection of the connected flange, bracing mayor may not be needed to 
prevent twisting of the member, depending upon the dimensions of the member and span 
and upon whether the unconnected flange is in compression or tension. 
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where 
m distance from shear center to mid-plane of the web, as specified 
in Section 4-3, in. 




Ixy product of inertia of full section about centroidal axes parallel 
and perpendicular to web, in.4 
Ix moment of inertia of full section about centroidal axis per-
pendicular to web, in.4 
For channels and Z-sections: 
x = distance from concentrated load P to brace, in. 
a = length of bracing interval, in. 
End braces shall be designed for half of the above forces. 
Braces shall be designated as to avoid local crippling at the points of attach-
ment to the member. 
5.2.3 Allowable Stresses 
For channel and Z-beams intermediately braced according to the require-
ments of Sections 5.2.1 and 5.2.2, the maximum compression stress f'c shall be 
that specified in Section 3.3, except that the length of the bracing interval, a, 
shall be used instead of the length L in th formulas of that Section. 
5.3-LATERALLY UNBRACED BOX BEAMS 
For closed box-type sections used as beams the ratio of the laterally unsup-
ported length, L, to the distance between the webs of section shall not exceed 75. 
SECTION 6. TESTS FOR SPECIAL CASES 
6.1-GENERAL 
Where elements, assemblies, or details of structural members formed from 
sheet or strip steel are such that calculation of their safe load-carrying capacity or 
deflection cannot be made in accordance with the provisions of Sections 2 through 
5 of this Specification, their structural performance shall be established from test 
procedure as specified in Section 6.2. 
6.2-TEST PROCEDURE· 
When tests are necessary for the purposes defined in Section 6.1 they shall 
be conducted in accordance with the following procedure. 
( a) Where practicable, evaluation of test results shall be made on the basis 
• The test procedures and test factors specified in Section 6.2 are not applicable to con-
firmatory tests of members and assemblies whose properties can be calculated according 
to Sections 2 through 5; for the latter, the Specification provides generally a safety factor 
of 1.65. 
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of the mean values resulting from tests of not fewer than three identical 
specimens, provided the deviation of any individual test result from the 
mean value obtained from all tests does not exceed -1-10%. If such 
deviation from the mean exceeds 10%, at least three more tests of the 
same kind shall be made. The average of the three lowest values of all 
tests made shall then be regarded as the result of the series of tests. 
(b) Determinations of allowable load-carrying capacity shall be made on the 
basis that the member, assembly, or connection shall be capable of sustain-
ing during the test without failure a total load, including the weight of 
the test specimen, equal to twice the live load plus one-and-one-half the 
dead load. Furthermore, harmful local distortions shall not develop during 
the test at a total load, including the weight of the test specimen, equal to 
the dead load plus one and one half times the live load. For members and 
assemblies subjected to wind or earthquake loads, appropriate modifica-
tion of the foregoing factors shall be made in accordance with Section 3.8. 
(c) In evaluating test results, due consideration must be given to any differ-
ences that may exist between the yield point of the material from which 
the tested sections are formed and the minimum yield point specified for 
the material which the manufacturer intends to use. 
(d) Tests shall be made by an independent testing laboratory or by a manu-







1. BASIC LIST OF SYMBOLS 
A cross-sectional area, in. 2 
a actual spacing of wall material attachments along stud, in. (Section 5.1) 
length of bracing interval, in. (Section 5.2.2) 
B length of bearing, in. (Section 3.5) . 
breadth in tabulated sections, in. (Tables of section properties) 
b _ effective design width of stiffened elements, in. 
b' effective design width of stiffened sub-element, in. (Section 2.3.1.2) 
c distance from neutral axis to extreme fiber, in. 
amount of flange curling, in. (Section 2.3.3) 
spacing between two rows of welds joining webs of two channels, in. 
(Section 4.3 ) 
D mean diameter of cylindrical tubes, in. (Section 3.9) 
depth of tabulated sections, in. (Tables of section properties) 
d depth of stiffening lip, in. 
diameter of bolt, in. (Sections 4.5.1, 4.5.2) 
E modulus of elasticity, 29,500,000 psi. 
F force to be resisted by attachment of wall material to studding, lb. 
(Section 5.1) 
= Supplementary force in intermediate beam bracing, lb. (Section 5.2.2) 
Fa = maximum average axial stress in compression permitted where axial 
stress alone exists, psi. (Sections 3.6.1, 3.7) 
Fb maximum bending stress in compression permitted where bending stress 
alone exists, psi. (Section 3.7) 
f stress, psi. 
fn axial load divided by cross-sectional area, psi. (Section 3.7) 
fay average stress in flanges subject to curling, psi. (Section 2.3.3) 
fb basic allowable design stress, psi. 
fe maximum allowable compressive stress in unstiffened elements, psi. 
f'e maximum allowable compressive stress in flanges of beams subject to 
lateral buckling, psi. (Section 3.3 ) 
fw maximum allowable compressive stress in the flat web of a beam, psi. 
(Sections 3.4.2, 3.4.3) 
fy yield stress, psi. 
h depth of beams and channels, in. (Sections 2.3.3, 4.3,5.2.2) 
clear distance between flanges, in. (Sections 2.3.4, 3.4.1, 3.4.2, 3.5) 
I moment of inertia, in.4 
Is moment of inertia of a multiple stiffened element, in.4 (Section 2.3.2.2) 
k _ fb/20,000 (Section 3.5) 
k modulus of elastic support of wall material and its attachments, lb. per in. 
(Section 5.1) 
P force or concentrated load, lb. 
Pb force to be resisted by intermediate beam bracing, lb. (Section 5.2.2) 
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Q form factor, i.e. stress andlor area factor used to modify beam and column 
loads. (Section 3.6.1) 
q intensity of loading along beam, lb. per linear in. (Section 4.3 ) 
L length, in. 
M bending moment, in.-Ib. 
m distance of shear center of a channel from the mid-plane of its web, in. 
(Sections 4.3, 5.2.2) 
n inside bend radius divided by thickness, in. (Section 3.5 ) 
R inside bend radius, in. 
r radius of gyration, in. 
S section modulus (lIe), in. 3 
Sw required strength of weld in tension, lb. (Section 4.3) 
s spacing of welds, rivets or bolts, in. (Sections 4.3, 4.4, 4.5.2) 
t thickness of element, in. 
t. equivalent thickness of a multiple stiffened element, in. (Section 2.3.2.2 ) 
V total shear force, lb. 
v maximum allowable average shear stress in a web, psi. (Sections 3.4.1, 
3.4.3 ) 
v' shear force divided by web cross-sectional area, psi. (Section 3.4.3 ) 
W total load, lb. 
w flat width of element, in. 
projection of flange from inside face of web, in. (Section 4.3 only) 
2. EXPLANATORY COMMENTS ON THE DESIGN SPECIFICATION 
The Design Specification recognizes two types of compression elements, as 
follows: 
Unstiffened elements, which are flat elements having one unstiffened edge 
parallel to the direction of stress; for example, the compression flange of a 
plain channel or I-section having no lip or stiffener at the outstanding edges. 
Stiffened elements, those in which both edges parallel to the direction of stress 
are stiffened by connection to a web, flange, stiffening lip or other stiffening 
elements; for example, the top (compression) flange of a hat- or inverted 
V-section, or the lipped flange of a channel or I-section. See Chart 1. 
Light gage steel members having stiffened elements are far more effective in 
supporting load than unstiffened members of comparable dimensions. The 
strength-to-weight ratio of the former may easily be twice that of the latter. 
Hence, economic reasons dictate the use of stiffened compression elements where 
feasible. 
UNSTIFFENED COMPRESSION ELEMENTS - REDUCED WORKING 
STRESSES 
When dealing with unstiffened compression elements, cognizance must be 
taken of the fact that such elements will develop sudden buckling at predictable 
unit stresses. Those stresses may be less than the yield strength of the steel when 
the flat-width ratio wit exceeds certain values. Therefore, to avoid buckling, the 
design of unstiffened elements is based upon a reduced allowable unit stress for 
25 
such elements wich w Ic racios in excess of limicing values. This allowable unit 
stress decreases with increasing wi t. The values for these allowable stresses are 
given in Tables 3.2 (b) and 3.2 (c) of Section 3.2 of the Specification and in 
Chart 5 of Part IV of this Manual. These reduced allowable unit stresses are 
used with the structural properties of the full, unreduced cross section of the 
members. They are reflected in Tables 2, 3,6 and 7. 
STIFFENED COMPRESSION ELEMENTS - REDUCED CROSS SECTION 
Stiffened compression elements behave quice differently from unstiffened 
compression elements under load. Under low compressive stress, t?e entire area 
and width of the stiffened element is effective. As the unit stress JOcreases, par-
ticularly in elements where the flat-width racio is high, the portion in the center 
of the element (most remote from the stiffened edges) tends to develop slight 
buckling waves and becomes relatively less effective in resisting compressive 
stresses than the portions adjacent to the stiffeners. Therefore, under the design 
procedure of the Specification, safe load determinations for sections having 
stiffened compression elements are made by considering that only the portions of 
any such element adjacent to its stiffened edges are structurally effective; the prop-
erties of such sections are based upon this reduced effective portion. See Charts 3A 
and 3B. 
It will be observed, in Section 2.3.1 of the Design Specification, that the values 
of effective width thac are prescribed for safe load determinacion are different 
from those prescribed for deflection (or stiffness) determination. The reason for 
this is that, for accuracy, the computation of deflection should be based upon the 
width which is effective under the stress caused by the actual applied load. On the 
other hand, since effective width varies inversely with the stress, the computation 
of safe load-carrying capacity must be based upon the width which is effective at 
a theoretical stress 1.65 (che factor of safety) times the stress actually caused by 
the load. Accordingly, the load formulas and Charts 3A and 3B actually give bit 
ratios for unit stresses 1.65 times those shown; whereas, the deflection formulas 
and Charts 3C and 3D give the bit ratios for the actual stresses. 
VARIABLE PROPERTIES OF SECTIONS HAVING STIFFENED ELEMENTS 
The width of stiffened compression elements which is considered effective 
varies not only with the ratio of width to thickness of the element but also with 
the unit stress in the element. Since the actual unit stress in a flexural member is a 
function of the bending moment, the effective width, as well as the moment of 
inertia, varies with the bending moment. If the accompanying unit compression 
stress is known, the effective width and the section properties can be calculated 
directly. This is the case for allowable load determinations if the distance from 
the neutral axis to the compression fiber is larger than that to the tension fiber, in 
which case the allowable compression stress is known to be fb. If the reverse is the 
case, it is the allowable tension stress which is equal to fb and the compression 
stress depends on the position of the neutral axis. This position depends on the 
effective width of the compression flange which, however, depends in turn on the 
compression stress. A similar situation, where the compression stress is not known 
in advance, obtains when computing moments of inertia for determining deflec-
tions under design loads. Such calculations require a series of successive approxi-
mations which is illustrated in Examples Nos. 6, 7, 14 and 16. The fact that some 
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section properties depend on the magnitude of the compression stress is reflected 
in Tables 1,4, 5,8 and 9. 
COMPRESSION MEMBERS 
In the case of compression members (columns and struts) the procedure for 
considering the reduced strength of unstiffened elements and the reduced effective 
width of stiffened elements has been simplified by the introduction of a form 
factor, "Q." (Q is defined in Section 3.6.1, Design Specification.) 
In some compression members excessive local deformation of certain compo-
nent elements can occur at loads considerably below the maximum load which 
the member as a whole can carry. The SpecifIcation provides a margin of safety 
against such excessive local deformation. 
The important point for the designer to bear in mind in considering all of 
the foregoing is that all of these apparent departures from usual practice are really 
only mechanical devices intended to facilitate the application of variable stresses 
to unstiffened elements and variable effective widths to stiffened elements. 
3. LINEAR METHOD FOR COMPUTING PROPERTIES OF FORMED 
SECTIONS 
Computation of properties of formed sections may be simplified by using 
a so-called linear method, in which the material of the section is considered 
concentrated along the center line of the steel sheet and the area elements 
replaced by straight or curved "line elements." The thickness dimension, t, is 
introduced after the linear computations have been completed. 
The total area of the section is found from the relation: 
Area = L X t, where L is the total length of all line elements. 
The moment of inertia of the section, I, is found from the relation: 
I = I' X t, where l' is the moment of inertia of the center line of the steel sheet. 
The section modulus is computed as usual by dividing I or I' X t by the distance 
from the neutral axis to the extreme fiber, not to the center line of the extreme 
element. 
First power dimensions, such as x, y and r (radius of gyration) are ob-
tained directly by the linear method and do not involve the thickness dimension. 
When the flat width, w, of a stiffened compression element is reduced for 
design purposes, the effective design width, b, is used directly to compute the 
total effective length Left of the line elements, as shown in Example No. 15. 
The elements into which most sections may be divided for application of 
the linear method consist of straight lines and circular arcs. For convenient 
reference, the moments of inertia and location of centroid of such elements are 
identified in the sketches and formulas on the facing page. 
The formulas for line elements are exact, since the line as such has no 
thickness dimension; but in computing the properties of an actual section, 
where the line element represents an actual element with a thickness dimension, 
the results will be approximate for the following reasons: 
1. The moment of inertia of a straight actual element about its longitudinal 
axis is considered negligible. 
2. The moment of inertia of a straight actual element inclined to the 
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fJ (expressed in radians) = 0.01745 x fJ 
(expressed in degrees and decimals thereof). 
l=fJR 
R sin fJ 
Cl = fJ 
11 = [fJ + (sin~) (cos fJ) (Sin/)2] R3 
12 =[fJ- (sin~) (cos fJ) _ (l-c;s fJ)2] R3 
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R(l-cos fJ) 
C2 = fJ 
13 = [fJ + (sin
2
fJ) (cos fJ)] R3 
14 = [fJ - (sin/) (cos fJ)] R3 
axes of reference is slightly larger than that of the corresponding line 
element, but for elements of like length the error involved is even less 
than the error involved in neglecting the moment of inertia of the ele-
ment about its longitudinal axis. Obviously, the error disappears when 
the element is normal to the axis. 
3~ Small errors are involved in using the properties of a linear arc to find 
those of an actual corner, but with the usual small corner radii the error 
in the location of the centroid of the corner is of little importance, and 
the moment of inertia generally negligible. (See Table 11, showing actual 
properties of a 90° corner.) When the mean radius of a circular element 
is over four times its thickness, as for tubular sections and for sheets with 
circular corrugations, the error in using linear arc properties practically 
disappears. 
Examples No. 13 to 18, inclusive, illustrate the application of the linear 
method. 
4. WALL-BRACED STUDS 
It is standard practice in the design of stud framing to recognize the lateral 
support afforded by the collateral materials attached to the studs to form partitions 
or walls. 
Wall-braced panels in which the columns or studs are cold-formed, light-
weight shapes of sheet or strip steel now have increasingly wide application for 
structural purposes. In such panels the collateral wall material also provides the 
steel column or stud with lateral support in the plane of the wall. Design criteria 
to establish the necessary qualifications of collateral materials which are to serve 
as lateral bracing of wall studs are established in those provisions. Example No. 11 
illustrates the use of the Design Specification. 
Wall materials generally are selected for properties other than their ability to 
provide lateral support to the stud members to which they are attached. For that 
reason, they generally are capable of providing a degree of elastic suppOrt far in 
excess of the minimum needed for bracing the stud. In determining the maximum 
allowable spacing of the attachments of the wall material to the studs which it 
braces, the actual k value of the wall material (as determined by tests described 
under the heading that follows) should be used in Formula 5.1 (b), when it 
exceeds the minimum k values necessary to afford adequate lateral bracing, 
Section 5.1 (c). 
The effectiveness of the attachments usually is the critical design factor affect-
ing the lateral bracing qualifications of the wall material. 
TESTING OF WALL MATERIALS FOR LATERAL BRACING VALUE 
Where wall material is utilized as lateral bracing of wall stud members in 
accordance with Section 5 of this Specification, its minimum properties necessary 
to perform that function adequately may be established by the following testing 
procedure. 
Specimens- Test specimens shall be made up from two strips of the wall ma-
terial, the width of each being equal to twice the spacing (along the stud) of the 
attachments which are to be used. Where continuous attachment of the wall 
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sheathing to the studs is contemplated, the width of specimen shall be not less than 
6 inches. Two short pieces of studs of the type to be used shall be attached to 
the wall material at a distance equal to the stud spacing of the actual installa-
tion. See sketch below. The attachments shall be located symmetrically with 
respect to the center lines of the specimen of wall material. In order to simulate 
conditions under which wall material is continuous and is attached to studs with-
out joints, the wall material shall protrude 6 inches beyond the stud on each side. 
In order to simulate conditions under which wall material is not continuous, a 
joint shall be made by attaching to the stud on its free edge a strip of wall ma-
terial 6 inches wide and by joining it to the wall material that connects the studs 
in the manner proposed for use in the structure. The number of specimens to be 





Wall Material Test Assembly 
Testing Procedure - The test specimen assemblies described above shall be 
tested in tension in a standard testing machine. By means of suitable connections, 
the loads shall be applied concentrically to each assembly, through the studs. 
An initial load Po of the order of 50 lb. shall be applied to the assembly. The 
load shall then be increased by uniform increments. At each increment the dis-
tances between the attachments in each of the four pairs shall be measured to the 
nearest thousandth of an inch. For specimens with continuous attachment the 
distance between the studs proper shall be measured at each increment. This pro-
cedure shall be continued until the specimen fails. 
Evaluation of Tests - The elongations corresponding to each load shall be com-
puted by subtracting the original distance between attachments at the load Po 
from the distance measured at any particular load. The elongations so obtained 
for the four pairs of attachments shall be averaged for any particular load, and a 
Curve of the average elongations (in inches) versus applied load (in pounds) shall 
be drawn. From this curve the elongation Yl corresponding to the reference load 
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PI = 0.75 Pultimate shall be obtained. The modulus of support of one attachment, 
k, is then determined for individual attachments from 
k= PI -Po 
4YI 
and for continuous attachment from 
k = PI - Po 
2y I b 
where, b = the width of the wall material specimen, in inches, and the other 
factors are as described above. 
The k value so determined shall be equal to or larger than the minimum value 
of k required in Section 5.1 (c). 
The strength of one attachment, F, shall be determined from the ultimate test 
load, Pull, for one individual attachment from the formula: 
F - Pult 
- 4 
and for continuous attachment from 
F - Pnlt 
- 2b 
where, b = width of continuously bonded wall material in inches. 
k Values as Determined by Tests - The tabulation below indicates the ap-
proximate magnitude of k values of a few common types of wall sheathing 
materials, tested in accordance with the procedure outlined above using one 
type of steel stud and two alternate types of attachment. 
Range of k Values 
1/2" Standard Density Wood and Cane Fiber Insulating Boards 290 - 603 
1/2" Paper Base Insulating Board... 915 -1460 
3/8" Gypsum Board Sheathing. ........ 775 -1535 
3/16" Medium Density Compressed Wood Fiber Board 2010-4560 
5/32" High Density Compressed Wood Fiber Board. . 3960-7560 
The above values are indicative only; the k values for any specific construc-
tion will depend upon the particular type of wall sheathing material and the 
method of attachment employed, also the type of steel stud to which attachment 
is made. 
5. THICKNESS LIMITATIONS 
In the design of light steel members, proper proportioning of the component 
parts, consistent with their width to thickness ratio and their unit stress, is the 
factor of importance to assure safe structural performance; the thickness of the 
metal itself is, per se, not a critical factor. Members formed of extremely thin 
steel will function satisfactorily, if designed in accordance with the procedure 
prescribed in the Design Specification and in this Manual. 
6. PROTECTION OF FORMED LIGHT GAGE STEEL MEMBERS 
Formed light gage steel members are normally protected against corrosion by 
the application of manufacturer's standard shop coat of paint, or by the use of 
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galvanized sheets. Steel members protected in this fashion have a long record 
of satisfactory performance. It is usually not practicable nor does it represent 
standard practice to paint these constructions after their installation, unless for 
decorative purposes where they are exposed to view, or where exposed to the 
weather. (Shop painting is, of course, unnecessary when the members are porce-
lain enameled or have other special protective coating or treatment.) 
The excellent record of performance of light gage steel construction covers 
tremendous quantities of formed light gage steel sections, such as cellular floors, 
roof decks, joists, standard steel building, etc. Examples of its durability can be 
found in constructions going back to the mid-nineteenth century. With the 
advent of continuous rolling mills and their increased ability to turn out steel 
sheets rapidly, structural members formed of sheets have been utilized in ma-
chines, mechanical equipment, airplanes and building construction. In many 
cases these structural members have been subjected to conditions of severe ex-
posure, shock, vibration and loading, far more severe than the conditions usually 
prevailing in building construction. 
In 1940-42, the Pittsburgh Testing Laboratory conducted a survey to deter-
mine whether the painting practices of the industry had provided effective protec-
tion to light gage steel members. Fifty installations were inspected in locations 
where severe climatic conditions prevail. The light gage steel members inspected 
were generally in excellent condition, all were structurally sound, and, quote, 
"appeared to justify the conclusion that commercial protective paint coatings 
applied to light steel structural members of the type included in this survey, pro-
vide effective protection to the steel in actual practice and that such light steel 
structural members may be expected to retain their structural properties during 
the life of the building, when enclosed within the confines of the building." Copies 
of the Laboratory's report, entitled, "The Durability of Lightweight Types of 
Steel Construction," are available from American Iron and Steel Institute upon 
request. 
Another report of an independent study made py the Engineering Research 
Institute of the University of Michigan also is available; it confirms the foregoing 
conclusions. Details of that investigation are published in University of Michigan 
Bulletin No. 30, "Durability of Light Weight Steel Construction." 
7. COMMENTARY ON LIGHT GAGE COLD-FORMED STEEL 
DESIGN MANUAL 
Additional supplementary information regarding the background of, and 
justification for the various provisions of the Specification is provided in the 
Commentary on the Light Gage Cold-Formed Steel Design Manual. Copies are 




The following examples are intended to illustrate the application of various 
provisions of the Design Specification, and the use of the Tables of Properties 
and Charts appearing in this Manual. In the Table below are shown the Table, 
Chart or Section of the Design Specification used in each of the design examples. 
DESCRIPTION OF ILLUSTRATIVE EXAMPLES 
Example No. Design Requirement Illustrating the Use of 
BEAM STRENGTH AND DEFLECTION 
1 Beam Strength and Table 5 
Deflection 
2 Beam Strength and Table 6 and Chart 5 .... 
Deflection Sec. 3.2 
3 Beam Strength and Table 7 
Deflection 
4 Beam Strength and Table 9 ...... " •...•... •......• 
Deflection 
5 Beam Strength, Web Tables 1 and 2 
Shear and Web Secs. 3.3, 3.4.1, 3.5 and 5.2 
Crippling Charts 7 A and 6 
6 Beam Strength Chart 3A .... 
Sec. 2.3.1 
7 Beam Deflection Chart 3C 
Sec. 2.3.1 
AXIALLY LOADED COMPRESSION MEMBERS 
8 Axially Loaded Primary 
Compression Members 
9a, b, c Axially Loaded 
Compression Members 
10 Column Subjected to 
Combined Axial and 
Bending Stresses 
11 Wall Stud Braced by Wall 




Secs. 3.6.1 and 3.6.2 
Chart 4 
Table 9........... ..H.H , · 
Secs. 2.3.1 and 3.6.1 
Charts 3B and 4 
Table 6 
Secs. 3.6.1, 3.6.2 and 3.7 
Chart 4 
Secs. 2.3.1, 3.6.1 and 5.1 













Example No. Design Requirement Illustrating the Use of Page 
USE OF TABLES FOR OTHER GRADES OF STEEL 
12a, b Tables 1 and 5 . 53 
LINEAR METHOD 
13 Beam Strength - Single Linear Method . ...............•...•.... 54 
Channel 
14 Composite Section, Linear Method .. 55 
Computation of Secs. 2.3.1, 3.4,3.5,4.2.2 and 4.4 
Properties Charts 3A, 3C and 8 
15 Column Properties and Linear Method 
Beam Strength Table 1 
Sec. 3.6.1 
Charts 3A and 3B 
16 Beam Strength- Linear Method 
Circular Elements Chart 3A 
17 Beam Strength- Linear Method . 
Hat Section Sec. 2.3.1.1 
Chart 3A 
18 Beam Strength- Linear Method .. 
Hat Section with Sec. 2.3.1.2 
Intermediate Stiffener Chart 3A 
CONNECTIONS 
19 Connecting Two Channels Tables 1 and 5 
to Form An I-Section Sec. 4.3 
20 Bolted Connections Table 14 
Sec. 4.5 
EXAMPLE No.1 I 
Beam strength and deflection (using Table 5). 
GIVEN: 1. STEEL: Grade C (fb = 20,000 psi) 
2. SPAN: 12'-0"; beam continuously 
braced along top flanges 
3. LOADS: 
LIVE LOAD: 120 lb per lin. ft 
DEAD LOAD, incl. weight of beam: 40 lb per lin. ft 







4. Maximum deflection caused by live load: Not to exceed 1/360 of 
span or 0.40 in. 
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REQUIRED: A stiffened type of I-section which will satisfy both beam strength 
and beam deflection requirements. 
SOLUTION: 
( a ) Beam strength requirement: 
160 X 122 X 12 
Applied Moment, M = 8 34,560 in.-lb. 
R . d S M 34,560 1 . 3 eqUlre = 4" = 20,000 = .73 10. 
(b) Deflection requirement: 
R . d I 5Wts [5X (l2X120)X(12X12)3] eqUlre = = 
384 EL:, 384 x 29,500,000 x 0.40 
4.73 in.4 
From Table 5 the following section can be selected: 
6 x 5 x No. 16 gao Sx = 2.61 in.3 , Ix = 8.02 in.\ wt = 4.92 Ib per ft. 
EXAMPLE No. 2 I 
Beam strength and deflection (using Tahle 6). 
GIVEN: Same as Example No.1 
REQUIRED: An unstiffened type of I section which will satisfy the requirements 
of Example No. 1. 
( a) Beam strength requirement: 
. r60x122 x12 
Apphed Moment, M = 8 = 34,560 in.-lb. 
1st Trial: 
Try 7 x 3 x No. 16 gao double channel section (Table No.6) 
Ix = 7.08 in.4, Sx = 2.02 in.3 
fe = MS = 34,56
2
0 = 17,100 psi 
x 2.0 
This section is unsatisfactory since the beam stress is greater than the 
allowable beam stress, fc = 15,090 psi. (Table 6) 
For sections which are not tabulated, the allowable compressive stress 
for an unstiffened flange can be computed from Section 3.2 of the Speci-
fication or read from Chart 5. For instance, for the above trial section, 
wit = 20.44, the allowable compressive stress is: 
f'" (1.667 f" - 8640) - (1/15) (f" - 12950) (w/t) 
= (1.667x20,000-8640)-(1/15) (20,000-12,950) (20.44) 
= 15,090 psi 
From Chart 5, for h = 20,000 psi and w.'( = 20.44, the same allow-
able stress can be directly obtained. 
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2nd Trial: 
Try 7 x 3 x No. 14 gao double channel section (Table 6) 
Ix = 9.08 in.4, Sx = 2.60 in.3 
f 34,560 13 290 . c = """"2.60 = , pSI 
This section is satisfactory since the beam stress is less than the allowable 
beam stress, fc = 16,610 psi. 
( b) Beam deflection requirement: 
. 5 W[3 5(12 x 120) (12 x 12)3 . 
deflectIon = 6. = 384 E I = 384 x 29,500,000 x 9.08 = 0.21 In. 
This section is satisfactory since the live load deflection is less than 0.40 in. 
EXAMPLE No.3 
Beam strength and deflection (using Table 7). 
GIVEN: 1. STEEL: Grade C (fb = 20,000 psi) 
2. SPAN: 6'-0"; section continuously braced laterally. 
3. LOADS: 
LIVE LOAD - 120 lb per lin. ft 
DEAD LOAD - beam weight 
4. Maximum deflection caused by live load: not to exceed L/240 or 
0.30 in. 
REQUIRED: A double angle section which will satisfy beam strength and 
deflection requirements. 
SOLUTION: 
( a) Beam strength requirements: 
. 120 x 62 x 12 
LIve load moment = M = 8 = 6480 in.-Ib. 
From Table 7 it is seen that the lightest sections which will carry the specified 
total load weigh approximately 5 lb per foot. 
. 5 x 62 x 12 ApproxImate dead load moment = 8 = 270 in.-Ib. 
Total design moment = 6480 + 270 = 6750 in.-Ib. 
( b) Beam deflection requirements: 
5x(120x6)x(6x12)3 
Required I = --:::-;:-;--::::::-=~::-::--:::-:--:::-384 x 29,500,000 x 0.30 
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0.394 in.4 
From Table 7 the following sections can be selected to satisfy both of these 
requirements: 
Joined Legs Up 
3 x 3 x No. 10 gao 
2Y2 x 2Y2 x No. 10 gao 
Joined Legs Down 
3 x 3 x No. 12 gao 
2Y2 x 2Y2 x No. 12 gao 
EXAMPLE No.4 un 
a b 
Beam strength and deflection (using Table 9). 
GIVEN: 1. STEEL: Grade C (fb = 20,000 psi) 
2. SPAN: L = 12 ft, section continuously braced laterally. 
3. LOAD: 
LIVE LOAD: 400 lb per lin. ft 
DEAD LOAD, incl. weight of beam 40 lb per lin. ft 
4. Maximum deflection caused by live load shall not exceed L/240 of 
the span, or 0.60 in. 
REQUIRED: A hat section which will satisfy both beam strength and beam 
deflection requirements. 
SOLUTION: 
(a) Beam strength requirement: 
. 440 x 122 x 12 
Applted Moment, M = 8 = 95,040 in.-Ib . 
. d S . Mod I - Applied Moment - 95,040 - 4 5' 3 ReqUIre ectlon u us - fb - 20,000 - .7 10. 
If the member is to be used with the closed flange in tension (figure a 
above), the section in Table 9 having the following nominal dimension 
will satisfy the beam strength requirement for the designated live and 
dead loads: 
10 x 10 x No. 12 gao 
8 x 12 x No. 12 gao and 8 x 8 x No. 12 gao 
If the member is to be used with the closed flanges in compression, (figure 
b above), the beam strength requirements will be satisfied by the following 
sections: 
10 x 10 x No. 12 gao and 8 x 12 x No. 10 gao 
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{b) Beam deflection requirement: 
R . d 1- 5 x (400 x 12) x (12 x 12) 3 eqUlre - 384 x 29,500,000 x .60 = lOA in.4 
From Table 9 it is seen that all of the above listed sections will meet the 
deflection limitations. 
EXAMPLE No. 5 
Beam strength, web shear, web crippling and lateral bracing 
(using Table I or 2). 
GIVEN: 1. STEEL: Specified minimum yield 50,000 (fb = 30,300 psi) 
2. SPAN: L = 16 ft 
3. LOAD: 1500 lb concentrated load at midspan 
4. DEFLECTION: No limitation 
REQUIRED: 1. The lightest Z-beam of adequate strength selected from Table 
1 or 2, fb = 30,000 psi 
(NOTE: Wherever there is a difference between the value tabulated 
under fb = 20,000 psi and the corresponding value tabulated under 
f. = 30,000 psi, a value for any other grade of steel can be obtained by 
straight-line interpolation or extrapolation based on the two values. 
However, in view of the small difference between 30,300 psi and 30,000 
psi, properties listed in Table 1 or 2 under fb = 30,000 psi will be 
satisfactory for this case.) 
2. Check adequacy, web in shear, for the above loading and the 
weight of the beam. (Section 3.4.1) 
3. A check to investigate whether 1 Y2 in. of bearing at both ends 
of the beam will be sufficient to assure against web crippling at 
these points. (Section 3.5) 
4. The maximum allowable spacing of lateral bracing for the sec-
tion selected. (Sections 3.3 and 5.2) 
5. The maximum lateral force resisted by the intermediate brace. 
(Section 5.2) 
SOLUTION: 1. Beam strength requirement: 
Applied Moment exclusive of weight of beam = 
PL 1500 x 16 x 12 
4- 4 
R . d . d I 72,000 . 'J eqUlre section rna u us = 30,300 = 2.38 m: 
The following Zee's (with stiffened flanges) 
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72,000 in.-Ib. 
of Table 1, of 
nominal dimensions as follows, will meet the beam strength 
requirement for the designated load: 
9 x 3~ x No. 14 gao 
8 x 3 x No. 14 gao 
7 x 2% x No. 12 gao 
6 x 2 Y2 x No. 10 gao 
The following Zee (with unstiffened flanges) of Table 2, of 
nominal dimensions as follows, will meet the beam strength 
requirement for the designated load: 
8 x 2 x No. 12 gao 
However, the beam strength must provide for the dead weight 
of the selected section in addition to that of the concentrated 
load. Investigating this feature confirms that all these sections 
will satisfy the beam strength requirement. 
The lightest of these sections is the 8 x 3 x No. 14 gao 
Zee with stiffened flanges. This section will be investigated 
further. 
2. Web Shear Requirement: 
In accordance with Section 3.4.1 of the Design Specification 
. h 64,000,000 b h 11 
maxImum average s ear stress, v = (h/t)2 ut s a not 
exceed (2/3) fb. 
64,000,000 5840' h' h . I h 
v = (7.85/0.075)2 =, pSI W lC IS ess t an 
2 (30,300) /3 and therefore governs. The total allowable shear 
on web is, therefore, v = 7.85 x 0.075 x 5840 = 3,440 lb. 
Since this value is substantially greater than the actual shear 
occasioned by the combination of concentrated load and beam 
weight, i.e., 781 lb, the section is satisfactory from this stand-
point. 
3. Check end bearing: 
In accordance with Section 3.5 (a) (1) of the Design Specifica-
tion: 
Pmax = 100t2 [980 + 42 (B/t) - 0.22 (B/t) (hit) - 0.11 (h/t) 1 
= 100 (0.075) 2 [980 + 42 (1.5/0.075) 
- 0.22 (1.5/0.075) (7.85/0.075) - 0.11 (7.85/0.075)] 
= 7581b 
The same value of Plllnx can be obtained directly from Chart 
7 A for h/t = 105. 
This value, however, must be corrected to reflect the effect of a 
radius of bend greater than that of the thickness of the web and 
a minimum yield steel of 50,000 psi which is specified. Doing 
this in accord with the aforementioned Section 3.5 (a) ( 1 ) : 
Allowable reaction = k (1.15-0.15 n) (1.33-0.33 k) Pma , 
1.515 (1.l5-0.15x1.25) (1.33-0.33 x 1.515) x758 
1.210 x 758 = 920 lb. 
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fb 30,300 
where k = 20,000 = 20,000 = 1.515 
n= 




The value of 920 lb is greater than the reaction of 781 lb 
realized at each end of the beam under the loads imposed. It 
is apparent that the section is satisfactory in this respect. 
4. Beam lateral brace spacing requirements: 
Section 5.2.1 states that top and bottom flanges must be braced 
at the ends and at intervals not to exceed one quarter of the 
span, i.e., 16 x 12/4 = 48 in. This specification also requires 
that a similar brace shall be provided at the point of application 
of a concentrated load. 
However, in order to prevent lateral buckling, the maximum 
compression stress, fe', must comply with the limitations of 
Section 3.3 (b) of the Specification. From the maximum brace 
spacing of 48 in. permitted by Section 5.2.1, Llry = 48/1.35 
= 35.6. This is less than 7l00/yfb, i.e., 7l00/V30,300 = 
40.8. Therefore, according to Section 3.3, the maximum allow-
able compression stress will be equal to fb , i.e., 30,300 psi. 
Correspondingly, a brace will be provided every 4 feet as re-
quired by Section 5.2.1. For the case when Llry is greater than 
71 001 V fb , the maximum allowable compressive stress in 
flanges of beams subject to lateral buckling can be obtained 
graphically from Chart 6. 
5. Maximum lateral force resisted by the intermediate brace. 
As specified in Section 5.2.2, at mid-span of the beam or at the 
location of the concentrated load, the lateral force, Pb , resisted 
by the intermediate brace can be computed by the following 
equation: 
Pb = 1.0 KP = 1.0(Ixy/Ix ) x 1500 
1.0(3.50/11.1) x 1500 = 473 lb. 
Therefore, the intermediate brace at mid-span should be de-
signed to resist a lateral force of 473 lb. The same brace may 
be used at the quarter point of the beam. 
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EXAMPLE No. 6 ci ~ 
9" 
W ' 8.7S" 
b 
'2 ~:t· I· H 
._. ______ ]: z 
-,N 
R = O.OS" 
--....... 
LrJ 
Beam strength (using Chart 3A). 
GIVEN: 
1. STEEL: Grade C (fb = 20,000 psi) 
2. Section illustrated above. 
REQUIRED: The resisting moment of this section as governed by bending stress. 
SOLUTION: 
1st Approximation: 
For a first approximation assume a compressive bending stress in the top com-
pressive element of 10,000 psi. (It is obvious that because of the larger amount 
of metal in the compressive flange the neutral axis will be closer to the top flange 
and hence the stress in the top flange will be considerably less than 20,000 psi 
when the bottom tension flange is so stressed.) From this an effective design 
width is determined in accord with Section 2.3.1.1 of the Design Specifications 
as follows: 
: = ~:~~ = 146. From Chart 3A, the effective design width, b, exclusive 
of corners = 69.4t = 69.4 x 0.06 = 4.16 in. 
Total effective width = 4.16 + 2(0.06) = 4.28 in., web to web. 
Cross-sectional properties (assuming square corners) 
Area A Dist. from top (A)y 
Element (in.2 ) fiber (in.) (in. 3) 
Top Flange 4.28 X 0.06 0.2568 0.03 0.0077 
Webs 2 X 1.50 X 0.06 0.1800 0.75 0.1350 
Bottom Flanges 2 X 0.69 X 0.06 0.0828 1.47 0.1217 
---
---
Summation 0.5196 0.2644 
Distance of neutral axis from top fiber: 
0.2644 . 
Ycr; = 0.5196 = 0.509 m. 
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Since the stress in any element will vary directly as its distance from the neutral 
axis and since the bottom, tensile elements are stressed to 20,000 psi the com-
pressive stress in the top flange will be: 
f'e = 1.50g~~.509 X 20,000 = 10,270 psi 
This is slightly greater than the assumed 10,000 psi. Hence, it is desirable to 
correct the original assumption for the compressive stress. This will affect the 
effective area of the top flange and thereby the position of the neutral axis. It is 
therefore desirable to locate the neutral axis accurately by successive approxi-
mations. 
2nd Approximation: 
On the basis of the approximation above assume 
y = 0.512 in. 
f = 20,000 X 0.512 = 10360 . 
e 1.500 _ 0.512 ,pSI 
From Chart 3A, for this fe and wit = 146: 
b = 68.3t = 68.3 x 0.06 = 4.098 in. 
Total effective width = 4.098 + 2 x 0.06 = 4.22 in. 
Cross-sectional properties (assuming square corners) : 
Area A y (A)y (A)y2 
Element (in.2) (in.) (in.3 ) (in.4) 
Top Flange 4.22 X 0.06 0.2532 0.03 0.0076 0.0002 
Webs 2 X 1.50 X 0.06 0.1800 0.75 0.1350 0.1012 
Bottom 
Flanges 2 X 0.69 X 0.06 0.0828 1.47 0.1217 0.1789 
---
Summation 0.5160 0.2643 0.2803 
+ leg (of webs) = 2 X 0.06
1
;< (1.5)3 0.0338 
0.3141 = Iz 
- 0.5160 X (0.512)2 - 0.1353 
Moment of Inertia: Ix 
Distance of axis from top fiber: 
0.2643 
Yeg = 0.5160 = 0.512 in. (This checks with value assumed) 
Section Modulus: Sx = ~ = 0.1788 0181 I·n.3 
c 1.500-0.512 = . 
Resisting Moment M = 0.181 X 20,000 = 3,620 in.-Ib 
0.1788 in.4 
NOTE: To simplify computation, the linear method may be used as illustrated in 
Examples No. 13 through No. 18. 
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EXAMPLE No. 7 
Beam deflection (using Chart 3C). 
GIVEN: Same as Example No.6. 
REQUIRED: Moment of Inertia for computing deflection. (Section 2.3.1). 
SOLUTION: 
Section loaded to capacity Resisting Moment as determined In 
Example No.6. 
1st Approximation: 
Since the top flange stress for load determination is 10,360 psi as found in Example 
No.6, that stress will be used for a first approximation in computing the effective 
width of the top flange for use in deflection determinations. 
Wit = 146 (as in Example No.6). 
From Chart 3C, the effective design width, b; exclusive of corners: 
b = 83.8t = 83.8 X 0.06 = 5.03 in. 
Total effective width = 5.03 + (2 X 0.06) = 5.15 in. web to web. 
Properties computed in the same manner as in Example No.6 are: 
Moment of Inertia: Ix = 0.191 in.· 
Distance of neutral axis from top fiber: yeg = 0.465 in. 
3620 X 0.465 Stress in top flange: fe = 0.191 = 8810 psi 
2nd Approximation: 
Guided by determination of the first approximation, it is assumed that the com-
pressive stress in the top flange is 8500 psi. 
From Chart 3C, b = 90.47t = 5.43 in. 
Total effective width = 5.43 + (2 X 0.06) = 5.55 in. 
Corresponding properties are: 
Distance of neutral axis from tOP fiber: Yeg = 0.448 in. 
3620 X 0.448 
Stress in top flange : fe = 0.1946 = 8330 psi. 
3rd Approximation: 
On the basis of the determination above, assume fe = 8280 psi. 
Following Section 2.3.1.1, Design Specification, bit is calculated: 
b 10,320 [ 2580] 
-t- = y8280 1 - 146 y8280 = 91.39 (or this value could also be 
found using Chart 3C). 
The effective design width, b = 91.39 X 0.06 = 5.48 in. 
Total effective width = 5.48 + (2 X 0.06) = 5.60 in. 
Cross sectional properties (assuming square corners): 
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Area A y (A)y (A)y2 
Element (in.2) (in.) (in.3 ) (in.·) 
Top Flange 5.60 X 0.06 = 0.3360 0.03 0.0101 0.0003 
Webs 2 X 1.50 X 0.06 = 0.1800 0.75 0.1350 0.1012 
Bottom 
Flanges 2 X 0.69 X 0.06 = 0.0828 1.47 0.1217 0.1789 
--
Summation 0.5988 0.2668 0.2804 
+ leg (f b) 2 X 0.06 X (1.5 )3 0.0338 o we s = 12 
0.3142 = Iz 
- 0.5988 X (0.446)2 = - 0.1191 
Moment of Inertia: Ix = 0.1951 in.4 
Stress in top flange: 
3620 X 0.446 . 
fe = 0.1951 = 8280 pSI (checks assumed stress) 
A comparison of the value of 0.1951 in.4 for the moment of inertia, I (for deflec-
tion) with the value of 0.1788 in.4 which was used in the stress calculations of 
Example No.6 shows that the deflection, as determined, will actually be approxi-
mately 10 per cent less than if computed on the basis of the same moment of 
inertia used in the stress calculations. It will also be noted that the first approxi-
mation gave a value of I which was within approximately 2 per cent of the 
correct value, sufficiently accurate in most cases. 
EXAMPLE No. 8 I 
Axially loaded primary compression member (using Table 5 
and Chart 4). 
GIVEN: 
1. STEEL: Grade C (fb = 20,000 psi) 
2. Unsupported Length, L = 12'--6" = 150" 
3. AXIAL LOAD = P = 30,000 lb 
REQUIRED: An appropriate section as shown in the sketch. 
SOLUTION: For a column or primary support, L/r must not exceed 200, as 
specified in Section 3.6.2. Since ry is less than rx for all double chan-
nel (stiffened) sections listed in Table 5, ry will govern the design 
and must equal or exceed 150/200 = 0.75 in. 
As an initial trial, investigate the double channel section 7 x 5Y2 x No. 10 gao 
From Chart 4, for 7 x 5Y2 x No. 10 gao section, weighing 12.3 lb per lin. ft, 
withQ = 0.924 andL/r = 150/1.29 = 116.3, the corresponding Fa is 10,110 psi. 
The allowable Axial Load is therefore: 
P = Area X Allowable unit stress = 3.54 X 10,110 = 35,790 lb 
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This value exceeds by about 20 per cent the required load capacity of 30,000 
lb. The section tentatively selected is therefore adequate but not necessarily eco-
nomical. Other sections in Table 5, if desirable for use, may be similarly checked. 
For example, for the double channel section 8 x 6 x 12 ga., weighing 10.81b per 
lin. ft, with Q = 0.821 and L/r = 150/1.38 = 108.7, the corresponding Fa is 
10,090 psi. The allowable axial load is therefore: 
P = 3.10 X 10,090 = 31,280 lb 
Since this section meets the load carrying requirements and weighs about 12 
per cent less than the section first investigated, its use would be more appropriate. 
0.69' 2" 0.69' 
.154" WI .154" 
y 
I 




Axially loaded compression member - allowable load, grade C steel 
(using Chart 38 and Chart 4). 
GIVEN: 
1. STEEL: Grade C: fb = 20,000 psi 
f,. = 33,000 psi 
2. Section consisting of a hat and fiat plate, as shown. 
REQUIRED: Allowable axial load, P, for the section indicated if (I) length 
L = 10 ft., (II) length L = 6 ft. 
SOLUTION: From Table 9 the following full section properties of the hat section 
are obtained for a 2 x 2 x No. 16 gao hat section: 
A = 0.423 in.2 I,. = 0.400 in.4 
I' x = 0.250 in.4 y = 1.07 in. 
By calculation, the properties of the 18 gao plate are: 
A = 3.38 X 0.048 = 0.162 in.2 
Ix = 0.000 
I,. = 0.048 (3.383 )/12 = 0.154 in.4 
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Calculating the combined properties: 
y 
Area A Distance from 
Element (in.2 ) bottom fiber (in.) 
(A)y 
(in.B) 
Hat section 0.423 1.118 0.473 
Plate 0.162 0.024 0.004 
Summation 0.585 0.477 
D · f' f bo fibe 0.477 Istance 0 runs rom ttom r = Yeg = 0.585 
(A)y2 
(in.4 ) . 
0.529 
0.529 
= 0.815 in. 
I Hat Section = 0.250 in.4 
Summation (A)y2 = 0.529 
0.779 
- Summation A(Yel) - 0.585 X 0.8152 - 0.389 
Iy = 0.400 + 0.154 = 0.554 in.4 
II; I 0.390 0 82 . 
rx = "VA = "V 0.585 = . In. 
lt is assumed that, by means of spot welding at appropriate intervals, the flat 
plate is sufficiently attached to the hat so that the lines of welds are also lines of 
stiffening. (See Section 4.4 of the Design Specification.) 
The value of Q (Section 3.6.1, Design Specification) is determined as follows: 
~ = 1.692 = 28.20 
t1 0.06 
W2 _ 2.750 - 5729 
t2 .- 0.048 - . 
Effective design widths for fb = 20,000 psi according to Chart 3B or Section 
2.3.1.1, Design Specification are: 
b1 = W1 = 1.692 in. 
b2 = 42.75t = 42.75 X 0.048 = 2.052 in. 
Then Aeu = 0.585 - [( 2.750 - 2.052) X 0.048] 
= 0.585 - 0.034 = 0.551 in.2 
Since the member is composed entirely of stiffened elements: 
Q _ Effective Area _ 0.5 51 _ 0.942 
- Gross Area - 0.585 -
(I) Length, L = 10 ft. 
. L 120 
Slenderness raCto = rx = 0.82 = 146 
In accordance with Section 3.6.1, Design Specification and as can be deter-
mined from Chart 4, the unit stress is computed: 
132 = 132 = 136 and since L/r is greater than 136: 
VQ V 0.942 
F - PIA - 149,000,000 149,000,000 = 6,990 psi acting on the 
a - - (L/r)2 (146)2 
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gross section and: 
P = 6,990 X 0.585 = 4,089 lb 
(II) Length, L = 6 ft. 
L 72 Ix = 0.82 = 87.8 
In accordance with Section 3.6.1 and as can be determined from Chart 4, the 
unit stress is computed: 
132 = 132 = 136 and since L/r is less than 136: 
yQ YO.942 
Fa = P/A = 17,OOOQ - 0.485Q2 (L/r)2 
17,000 (0.942) - 0.485 (0.942)2(87.8)2 
12,696 psi acting on the gross section and: 
P = 12,696 X 0.585 = 7,427 lb. 
EXAMPLE No. 9b 
Axially loaded compression member - allowable load, grade A steel 
(using Chart 3B and Chart 4). 
GIVEN: 
1. STEEL: Grade "AU (fb = 15,000 psi; fy = 25,000 psi) 
2. Section as in Example 9a. 
REQUIRED: Allowable axial load, P, for the section indicated, if (I) Length, 
L = 10 ft; (II) Length, L = 6 ft. 
SOLUTION: The full section properties and the .Bat width ratios are: 
A = 0.585 in~2; rx = 0.82 in; W1 = 28.2; W2 = 57.3 
t1 t2 
For fb = 15,000 psi the effective design widths for the material indicated are 
from Chart 3B. 
b i = WI = 28.2 tl = 1.692 in. 
b2 = 46.8 t2 = 46.8 X 0.048 = 2.246 in. Thus the effective area: 
Aeff = 0.0585 - [(2.750 - 2.246) x 0.048] 
= 0.585 - 0.024 = 0.561 in.2 and 
0.561 
Q = 0.585 = 0.959 
(I) Length, L = 10ft. 
Slenderness ratio: L/ry = 120/0.82 = 146 
In accordance with Section 3.6.1, Design Specification and as can be deter-
mined from Chart 4, the unit stress is computed: 
24,200 _ ~ 24,200 = 156.2 
yfy yQ y25,000 YO.959 158.1 X 0.98 




Fa = PIA = 0.515Qfy - 47,500 
= 12,347-5,430 = 6,917 psi. 
and: 
P = 6,917 X 0.585 = 4,046 lb. 
(II) Length, L = 6 ft. 
L/rx = 72/0.82 = 87.8 
In accordance with Section 3.6.1 and as can be determined from Chart 4, the 
unit stress is computed: 
24,200 24,200 -;::;::~~~~ = 156.2 
yfy yQ y25,000 YO.959 
Since L/r is less than 156.2. 
( QfyL/r)2 Fa = PIA = 0.515 Qfy - 47,500 
= 12,347-1,964 = 10,383 psi 
and: 
P = 10,383 X 0.585 = 6,074 lb. 
EXAMPLE No. ge 
Axially loaded compression member - allowable load, steel 
50,000 yield point (using Chart 38 and Chart 4). 
GIVEN: 
1. STEEL: Specified minimum yield 50,000 psi 
(fb = 30,300 psi) 
2. Section as in Example No. 9a 
REQUIRED: Allowable axial load, P, for the section indicated if (I) length, 
L = 10 ft; (II) Length, L = 6 ft. 
SOLUTION: The full section properties and the flat width ratios are: 
A = 0.585 in.2; rx = 0.82 in.; WI = 28.2; W2 = 57.3 
tl t2 
For fb = 30,300 psi the effective design widths of the material indicated are 
from Chart 3B: 
b1 = 27.27tl = 27.27 X 0.06 = 1.64 in. 
b2 = 36.87t2 = 36.87 X 0.048 = 1.77 in. 
thus the effective area: 
Aeff = 0.585 - [3 X (1.692 - 1.64) 0.06] - [( 2.750 - 1.77) 0.048] 
= 0.529 in.2 
Since the member is composed entirely of stiffened elements: 
Q - 0.529 _ 0904 
- 0.585 - . 
(I) Length, L = 10 ft. 
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Slenderness ratio: L/rx = 120/0.82 = 146 
In accordance with Section 3.6.1 of the Design Specification, or as could be 
determined from Chart 4, the unit stress is computed: 
24,200 24,200 
Vfy vQ V50,000 V O.904 
and since L/r is greater than the above: 
F - P/A _ 149,000,000 
a - - (146)2 
114 
= 6,990 psi acting on the gross area of the section and: 
P = 6,990 X 0.585 = 4,089 lb. 
(II) Length, L = 6 ft. 
L/rx = 72/0.82 = 87.8 
In accordance with Section 3.6.1 and as can be determined from Chart 4, the 
unit stress is computed: 
24,200 24,200 
= 114 
Vf vQ V50,000 VO.904 
Since L/r is less than 114. 
Fa = P/A = 0.515 Qfy - (~i5~~r)2 
= 16,298 psi 
and: 
P = 16,298 X 0.585 = 9,534 lb. 
NOTE: Comparison of results of Examples No. 9a, band c shows that the yield strength 
of the steel used has a significant influence on the strength of columns with relatively low 
Lit ratios, but has very little effect on relatively slender columns. 
T 
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Column subjected to combined axial and bending stresses 
(using Table 6). 
GIVEN: 
1. STEEL: Grade C (fb = 20,000 psi) 
2. LENGTH 8'-4" (Section is adequately 
braced about the Y -Y axis, un-
braced about the x-x axis.) 
3. AXIAL LOAD: P = 12,000 lb 
4. APPLIED MOMENT: about the X-X axis: Mx = 25,000 in.-Ib 
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REQUIRED: A column (Table 6) or primary member adequate to support axial 
load and bending. 
SOLUTION: For a column or primary support, L/r must not exceed 200 as 
provided in Section 3.6.2, Design Specification in Part 1. The column is adequately 
braced about the Y-Y axis, consequently rx will govern and must be at least 
100/200 or 0.500 in. The section must therefore be selected from among those 
sections which have rx values greater than 0.500 in. 
If bending stresses alone were present, the required section modulus, Sx, would be 
25,000 _ 1 25 . II 
20000 - . In. , 
For initial trial selection, a section having about twice this section modulus is 
taken: 2 X 1.25 in.3 = 2.50 in.3 The section whose section modulus, Sx, nearly 
approximates this value is the section of nominal dimensions 6 x 3 No. 12 gao 
for which Sx = 2.80 in.s, 
Q = 0.849; rx = 2.17 in., fb= 20,000 psi; area = 1.80 sq. in. 
Checking this section (Section 3.6, Design Specification): 
Allowable axial unit stress, Fa = 17,00OQ - 0.485Q2(Ljr)2 
= 17,000(0.849)-0.485(0.849)2 (100/2.17)2 = 13,690 psi 
(or see Chart 4) 
Allowable bending unit stress in compression = Fb = 19,340 psi 
Axial unit stress, fa = axial load. = P / A = 12,000 = 6670 psi 
Area of SectIon 1.80' 
B d' . f' Applied Moment 25,000 89 . 
en tng Ufilt stress, b = Section Modulus = 2.80 = , 30 PSt 
Checking the above with Section 3.7 of the Design Specification: 
fa f' b 6670 8930 Fa + T = 13,690 + 19,340 = 0.487 + 0.462 = 0.949 < 1 
Since 0.949 is close to but does not exceed unity, the section tentatively 
selected is suitable and economical for use. Other sections near this in Table 6 
may be checked similarly. In this example, the first section selected for investiga-













Wall stud braced by wall~heathing - axial compression member 
(stiflened and unstiffened elements). 
GIVEN: 
1. STEEL: Specified Minimum Yield: 40,000 psi (fb = 24,240 psi) 
2. LENGTH: L = 15 feet. 
3. A section consisting of a stud faced on both flanges by wall sheathing 
of adequate strength to brace said section. 
REQUIRED: (a) The allowable design axial load and (b), the maximum spac-
ing of wall sheathing attachments. 
SOLUTION: 
( a ) Allowable design axial load : 
In accordance with Section 3.6.1, of the Design Specification, the cross-sec-
tional properties are to be computed on the basis of the full section, hence 
A = 1.159 in.2 Iy 0.641 in.4 
Ix = 6.04 in.4 ry = 0.74 in. 
rx = 2.28 in. 
The value of Q, (Section 3.6.1), is determined as follows: 
The member is composed of both stiffened and unstiffened elements. Para-
graph (c) of Section 3.6.1. therefore applies. 
F th fl 1.88 or e anges, wit = 0.06 = 31.3 
Since the flanges are unstiffened elements, from Section 3.2: 
11,170 fc = 20,000 - 282 (wit) = 11,170 psi, whence: Q. = 24240 = 0.461 
, 
For the webs (stiffened elements) : 
wit = 5.76 = 96 
0.06 
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bit, (Section 2.3.1.1, and Chart 3A), based on f = 11,170 psi, equals 61.0. 
Since: w - b = (96 - 61.0) t = 35.0 X 0.06 = 2.10 in., the correspond-
ing area reduction (for two webs) is: 2.10 X 0.06 X 2 = 0.252 in.2 
The net area of the stud is: 1.159 - 0.252 = 0.907 in.2 
0.907 
Thus: Qa = 1.159 = 0.783 
Then: Q = Qs X Qa = (0.461 X 0.783) = 0.361 
According to Section 5.1 (b) the slenderness ratio about the Y-Y axis shall 
not exceed half of that about the x-x axis; hence the latter governs and 
.1:.. = 15 X 12 = 78.9 
rx 2.28 
From the Column Design Curves, Chart 4, with 
Q _ Q fy _ 0361 40,000 
eft - 33,000 -. X 33,000 
Fa = PIA = 6,860 psi 
and: P = 6,860 X 1.159 = 7,950 lb 
(b) Spacing of wall sheathing attachments: 
0.438 
Allowable spacing of wall-sheathing attachments (assuming a test-determined 
valueofk= 1000) from Section 5.1 (b): 
_ 8 EI2k _ 8 X 29,500,000 X 0.641 X 1000 _ 704 . 
a - A2 fl- - (1.159)2 X (40,000)2 -. 10. 
Section 5.1 (b) further limits the spacing of wall-sheathing attachments such 
that the maximum allowable spacing becomes: 
L r2 15(12) X 0.74 292. 
amax = 2 r1 = 2 X 2.28 ,= . 10. 
Therefore assume that a spacing, a = 30 in. will be chosen which exceeds the 
computed value by less than 3 per cent and results in uniform spacing of attach-
ments along the stud. 
Section 5.1, (d) further states that each attachment will have to be capable of 
resisting a force not less than Fm1n determined as follows: 
F
min = keP 1000 X 0.75 X 7950 
2yEI2k/a - P 2y29,500,000 X 0.641 X 1000/30 -7950 
= 141 lb. 
USE OF TABLES FOR OTHER GRADES OF STEEL 
See description of charts and tables on page 73. 
The beam strength properties, Sx and Sy, are in many cases identical in value 
for the two grades of steel covered. For those sections these same values apply 
for any grade of steel. Wherever there is a difference between the value tabulated 
under fb = 20,000 psi, and the corresponding value tabulated under fb = 30,000 
psi, a value for any other grade of steel can be obtained by straight-line interpola-
tion or extrapolation based on the two tabulated values. So long as the extrapola-
tion is not extended to values of fb lower than 15,000 psi (Grade A steel) or 
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above 33,500 psi (steel with a specified minimum yield of 55,000 psi) the inter-
polated or extrapolated values will be satisfactorily accurate. 
EXAMPLE No. 12a 
(Table 5, Double Channels with Stiftened Flanges.) 
GIVEN: 
1. STEEL: Grade A (fb = 15,000 psi) 
2. Section from Table 5, nominal dimensions 7 x 5!.1 x No. 16 gao 
REQUIRED: Find the Section Modulus about the Major Axis, S". 
SOLUTION: 
From Table 5: S" = 3.33 in.a (fb = 20,000) and 3.18 in.3 (fb = 30,000) 
( 
(15,000 - 20,000») 
S" (for fb = 15,000) = 3.33 + (3.18 - 3.33) 30,000 _ 20,000 
= 3.33 + 0.08 = 3.41 in.3 
The deflection properties, I" and 11, do not vary with the grade of steel used 
and therefore no interpolation or extrapolation is required. 
The column form factor Q, is determined in exactly_~the same manner as beam 
strength properties, as explained above, and the limits of extrapolation for satis-
factory accuracy are the same. 
EXAMPLE No. 12b 
GIVEN: 
(Table 1, lee with Stiftened Flanges.) 
1. STEEL: Specified minimum yield 40,000 psi (fb = 24,240 psi) 
2. Section from Table 1, Zee with nominal dimensions 9 x 3~ x 
No. 14 gao 
REQUIRED: The column form factor, Q. 
SOLUTION: From Table 1: Q = 0.674 for fb = 20,000 psi and 
0.607 for fb = 30,000 psi 
Hence, interpolating by the procedure discussed on page 75: 
Q for fb = 24,240 psi = 
0.674 + (0.607 - 0.674) X ~~~:~~ = ~~:~~~~) 
= 0.674 - 0.028 = 0.646 
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. :-~ I: 1.486" I 
Beam strength using linear method. 
L STEEL: Any Grade. 
2. SECTION: 6 x 1~ (nominal) x No. 12 gao Channel with Un-
stiffened Flanges. 
REQUIRED: The Section Modulus, Sx, measured about the Major Axis of this 
section. 
SOLUTION: Properties of 90° Corner: (See Page 28) 
0.105 Rad. of center of corner R = 0.1875 + -2- = 0.240 in. 
Length of Are, L = 1.57 X 0.240 = 0.377 in. 
I' of corner about its centroidal axis is negligible. 
Distance of e.G_ from the center of radius: c = 0.637 X 0.240 = 0.153 in. 
Flat Width of Flange: 1.486 - 0.292 = 1.194 in. 
Flat Width of Web: 6.000 - (2 X 0.292) = 5.416 in. 
Distance from x-x Axis to Center of Flange: 3.00 - 0.~05 = 2.948 in. 
Distance from x-x Axis to e.G. of Corner: 5.;16 + 0.153 = 2.861 in. 
COMPUTATION of Linear I'x: 
WEB: 1/12 X (5.416)3 = 13.24 in.3 
CORNERS: 2 X 0.377 X (2.861)2 = 6.17 
FLANGES: 2 X 1.194 X (2.948)2 = 20.75 
I'x = 40.16 in.8 
54 
Actual Ix = I'x X t = 40.16 X 0.105 
S - 4.22 - 4 . 3 
x - 3.00 - 1. 1 10. 
4.22 in.' 
These values are identical with those in Table 2 of the Manual for this section. 
12· 
.I ., 9.000· 






EXAMPLE No. 14 
• 
Composite Section, Computation of Properties 




It is proposed to investigate one of a family of sections to determine section 
modulus, moment of inertia, allowable reactions, and necessary welding. 
To simplify computation, the linear method will be used. 
GIVEN: 
1. A section consisting of a channel shape of 14 gage material and a 
flat plate consisting of 16 gage material, dimensioned and assembled 
as in sketch. 
2. STEEL: Grade C (fb = 20,000 psi) 
3. Flat plate is in compression, and channel shaped element is on ten-
sion side. 
REQUIRED: 1. The section modulus to be used in beam strength investigations. 
(Section 2.3.1) 
2. The moment of inertia to be used in beam deflection investiga-
tions when loaded to capacity as determined by (1) preceding. 
(Section 2.3.1) 
3. The allowable reaction for 3" of bearing for (A) an end reac-
tion and for (B) an interior reaction where the panel is con-
tinuous over the support. (Section 3.5) 
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4. Check allowable end reaction based on allowable she'ar stress. 
5. The maximum longitudinal weld spacing to allow the line of 
welds to be considered a line of stiffening for the flat plate. 
(Section 404) 
6. The maximum allowable shear using the weld spacing as deter-
mined by (5) preceding. (Section 4.2.2) 
SOLUTION: 1. Determination of section modulus "S" for use in beam strength 
calculations: 
(Using linear method, and assuming square corners) 
lst APPROXIMATION: 
A. Flat Plate: 
For a first approximation assume a compression stress of 20,000 psi in the top 
plate. According to Section 2.3.1.1, Design Specification: 
: = ~::~ = 150. From Chart 3A the effective design width of the flat plate 
between welds = 51.5 X 0.060= 3.090 in. Total effective design width top flange 
= 3.090 + 1.338· + 1.440· = 5.868 in. 
• NOTE: Since the wit ratios, 1.338/0.060 and 1.440/0.060, do not exceed 
(w/t)Um = 4020/\1'£ 4020/\1'20,000 = 2804, no reduction in effective 
width is required. 
L Y 
Element Effective Length (Dist. from top 
No. (in.) fiber) (in.) 
1 00400 0.510 
2 00412 0.794 
3 0.710 0.355 
4 5.868 0.030 
5 0.622 0.311 
Summation 8.012 
D· f' f fibe 1.152 Istance 0 axIS rom top r = Yeg = 8.012 = 
Linear I's of elements about their respective c.g.'s. 
1'1 = OA0()3/12 
1'2 = 2 X 0.149 X 0.1433 
1'3 = 0.7013/12 
1'5 = 0.6223/12 
Summation 
















1'top fiber = 0.5 74 
Minus Summation (L) y2.g = - 8.012 X 0.1442 = - 0.166 in.3 
Linear I' Flat Plate 00408 in.s 


















2 X 1.000 = 
























Linear I's of elements about their own axes: 
21' 7 = 2 (6.0003/12) :...-
Summation L (y2 ) 
36.000 in.3 
402.498 
I'toptlber = 438.498 in.s 
Minus Summation L (YCg2 ) = -22.00 X 3.8682 = -329.151 in.s 
Linear I' channel section = 109.347 in.s 
Actual I channel section = 109.347 x 0.075 = 8.201 in.~ 




Area (in.2 ) 
8.012 X 0.060 = 0.481 
22.00 X 0.075 = 1.650 
y 
Dist. from top (A) y 





Summation 2.131 6.451 







NOTE: Since distance of top compression fiber from neutral axis is very close 
to 1/2 depth (6.060/2 = 3.030) a compression stress of 20,000 psi will govern 
as assumed and no further approximation will be required. 
I Flat Plate 
I Channel 
Summation A (y2) 
I top tiber 
Minus Summation (A) Yei = - (2.131) 3.0272 







Section Modulus, S = 13.396/3.033 = 4.417 in.3 
Resisting moment = 20,000 X 4.417 = 88,340 in.-Ib 
2. Determination of moment of inertia "I" for use in beam deflection calculations: 
( Using linear method, and assuming square corners.) 
Bending moment = 88,340 in.-Ib. 
1st APPROXIMATION: 
A. Flat Plate 
For a first approximation assume an effective width of flat plate based on a com-
pression stress of 18,000 psi. 
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~ = 9'06000 = 150. From Chart 3C, the effective design width of the tOP flange 
t . 0 . 
between welds = 65 X 0.060 = 3.900 in. 
Total effective design width of top flange = 3.900 + 1.338· + 1.440· 
= 6.678 in. 
• NOTE: Since the wit ratios, 1.338/0.060 and 1.440/0.060, do not exceed 
(w/thm = 5160/0 = 5160/\118,000 = 38.5, no reduction in effective 
width is required. 
L y 
IDement Effective Length Dist. from top (L) y 
No. (in.) fiber (in.) (in.Z) 
1 0.400 0.510 0.204 
2 0.412 0.794 0.327 
3 0.710 0.355 0.252 
4 6.678 0.030 0.200 
5 0.622 0.311 0.193 
Summation 8.822 1.176 
Distance of axis from top fiber = Yeg = 1.176/8.822 = 0.133 in. 
Linear 1's of element about their respective c.g.'s: 
1'1 = 0.4003/12 = 0.005 in.8 
1'z = 2 X 0.149 X 0.1313 = 0.001 
1'3 = 0.7108/12 = 0.030 
l' (I = 0.6228/12 = 0.020 
Summation 
SU1llli1ation (L) yZ 
= 0.056 in.3 
= 0.519 
0.575 0.575 in.3 
Minus summation (L) YCgZ = - 8.822 X 0.133Z = - 0.156 
Linear I'x Flat Plate . 0.419 in.8 










Same as determination of Yeg, I' and I, as contained under Procedure LB. 
Beam Strength calculations. 
C. Composite Section: 
• y 
Area A Dlst. from top (A) y 
Element (in.2) fiber (in.) (in.3) 
Flat Plate 8.822 X 0.060 = 0.529 0.133 0.070 
Channel 1.650 3.868 6.382 
Summation 2.179 6.452 
Distance of axis from top fiber = 6.452/2.179 = 2.961 in. 
I Flat Plate = 0.025 
I Channel = 8.201 
Summation (A) y2 = 24.695 
I top tiber = 32.921 in.4 
Minus Summation (A) y2Cg = - 2.179 X 2.9612 = - 19.104 







Check Stress in flat plate: 
f _ 88,34()' X 2.961 
e ~ 13.817 18,930 psi. 
2nd APPROXIMATION: 
A. Flat Plate 
Assume fe = 18,890 psi. 
From Chart 3C, bit = 65.7 
b = 65.7 X 0~060 = 3.942 in. 
Effective design width top flange = 3.942 + 1.338 + 1.440 = 6.720 in. 
L y 
Element Effective Length Dist. from top 
No. (in.) fiber (in.) 
1 0.400 0.510 
2 . 0.412 0.794 
3 0.710 0.355 
4 6.720 0.030 
5 0.622 0.311 
Summation 8.864 
D · f' f fib 1.178 Istance 0 axIS rom top er = Y cg = 8.864 
Summation of Linear l's = 0.056 


















0.575 I'topflber = 0.575 in.3 
Minus Summation (L)y2eg = - 8.864 X 0.1332 = - 0.157 
Linear I' x Flat Plate 




Same as determination of Yeg, I' x and Ix as contained under procedure l.B 
Beam Strength Calculations. 





Dist. from top 
fiber (in.) 
Flat Plate 8.864(0.060) = 0.532 0.133 
Channel 1.650 3.868 
Summation 2.182 
Distance of axis from top fiber = 6.453/2.182 = 2.957 
I Flat Plate = 0.025 
I Channel = 8.201 






32.921 I top fiber = 32.921 
Minus Summation A (Yeg2 ) = - 2.182 X 2.9572 = - 19.079 







Check Stress in Flat Plate 
f - 88,340 X 2.957 18872' e - 13,842 =, pst. 
Since this checks closely with the previous assumption that fe = 18,890 psi, 
no further approximations are necessary and the moment of inertia to be used 
in deflection computations is 13.84 in.4. 
3. (A) Determination of end reaction for 3" bearing. From Section 3.5 (a) of 
Design Specification: 
Allowable reaction per web = 
P = 100t2 [980 + 42B/t - 0.22 (B/t) (h/t) - 0.11 (h/t)] = 
100 X 00752 [980 + 42 X 3 0.22 X 3 X 5.85 0.11 X 5.85] = 1100 lb 
. 0.075 0.0752 0.075 . 
Since there are 2 webs per panel the total reaction 2P = 2 X 1100 = 2200 lb. 
(B) For interior reaction for 3" bearing with the panel continuous ov~r the 
support: 
P = 100t2 [3050 + 23 B _ 0.09 (B) (h) 5 h] = 1850 lb. 
t t t t 
Since there are 2 webs per panel the total allowable reaction = 2P 
= 2 X 1850 = 3700 lb. 
4. Check allowable end reaction based on allowable shear stress. 
From the provision of Section 3.4, the allowable shear stress is: 
_ 64,000,000 _ 64,000,000 _ 10 520 . 
v - (h/t)2 - (5.85/0.075)2 - , PSt 
which is less than 2 ( 20,000 ) /3 and therefore governs. 
The total allowable end reaction based on allowable shear stress is: 
V = 2 X 10,520 X 5.85 X 0.075 = 9,230 lb. 
This value is substantially greater than the allowable end reaction computed 
for web crippling (See Item 3.) 
5. Determination of maximum longitudinal weld spacing to allow the lines of 
welds to be considered lines of stiffening. 
From Section 4.4(b) of Design Specification or Chart 8: 
Spacing = 6300t = 6300 X 0.060 = 2.68 in. Use 2YIJ in. 
V fb . V 20,000 
6. Determination of maximum allowable shear using weld spacing of 2 YIJ in. 
(2.625 in.). 
To satisfy Section 4.4(a) of Design Specification: 
V = 2 IF 
(Spacing) X Q 
where: V = Total shear. 
I = Moment of inertia as determined in beam strength calcula-
tions. 
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F = Weld value = 725 lb per weld for 16 gage steel, according 
to Section 4.2.2. 
Q = Statical moment of flat plate, or channel, about the neutral axis 
of the composite section. 
V= 2 X 13.396 X 725 = 5270 lb 2.625 X 1.401 . 
Comparing Items 3, 4 and 6, it is seen that the maximum allowable reaction 
is governed by web crippling and is 2200 lb. Provision of adequate bearing 
stiffeners would raise this value to 5270 lb. 
EXAMPLE No. 15 
Column propertie8 and beam 8trength U8ing the linear method. 
GIVEN: 
1. STEEL: Grade C (fb = 20,000 psi). 
2. SECTION: 7 X 2% (nominal) X No. 14 gao channel with stiff-
ened flanges. 
REQUIRED: 
(a) Column properties. 
(b) Strength in bending about the Major Axis. 
SOLUTION: 
Properties of the 90° corner. From page 28, with 
Rad. of center of corner: R = 0.095 + 0.~75 = 0.133 in. 
Length of Arc, L = 1.57 X 0.133 = 0.209, say 0.21 in. 
Distance center of radius to e.G. of corner: 
c = 0.637 X 0.13 = 0.084, say 0.08 in. 
I' of corner about its centroidal axis is negligible. 
Compute other dimensions and distances from Z-Z axis (center 
line of section) and from V-V axis (back of web) to center of gravity 
of elements as shown on sketch. 
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<a> Column Properties: 
1. Computation of Ix 
Web 1/12 X 6.663 = 24.62 in.3. 
Straight Part of Lips 1/12 (6.663 - 5.603) = 9.98 
Four Corners 4 X 0.21 X (3.41)2 = 9.77 
Flanges 2 X 2.41 X (3.46)2 = 57.70 
For Full Section (y = 0): I'. = I'x = 102.07 in.s 
Ix = I'. X t = 102.07 X 0.075 = 7.655 in.4 (Table 1, conventional 
Ix = 7.660 in.', full section). 
2. Computation of Iy. 
LengthL x (L) x (L) x2 
Element (in.) (in.) (in.2 ) (in.B) I' about c.g. of elements 
Web 6.66 0.04 0.27 0.01 
Straight part 




Corners 0.42 0.09 0.04 0 0 
2 Far 
Corners 0.42 2.66 1.12 2.98 0 
Flanges 4.82 1.375 6.63 9.12 2 X 1/12 X 2.41B = 2.33 
Summation 13.38 10.93 19.89 2.33 
x = ~~:~~. 0.817 in. (l'able 1, x = 0.8150) 
I'v = 19.89 + 2.33 = 22.22 in.B 
I'y = I'v -(L)x2eg = 22.22 - (13.38 X 0.8172) = 13.29 in.s 
17 = I'y X t = 13.29 X 0.075 = 0.997 in" (Table 1, Iy --..: 1.00 in.4) 
3. Full Section Properties: 
A = L X t = 13.38 X 0.075 = 1.003 in.2 (Table 1, A = 1.00 in.2 ) 
/y - 1TI52.07 2 6· (T bl . 6 . 
rx = "T -V 13.38 = .7 tn. a e 1, rx = 2.7 tn.) 
ry = ~ I'y = /13.29 = 0.997 in. (Table 1, ry = 0.999 in.) 
L " 13.38 . 
4. Computation of Q (Section 3.6.1, Design Specification) 
Flanges: wit = o~;~ = 32.1, bit = 31.7 (Chart 3A) 
Deduction = 2<32.1 - 31.7) X 0.075 = 0.06 in. 
Web: wit = o~~~ = 88.8, bit = 47.8 (Chart 3B) 
Deduction = (88.8 - 47.8) X 0.075 = 3.08 in. 
Total Effective Length: Lett = 13.38 - 0.06 - 3.08 = 10.24 in. 
Q Lett 10.24 6 T bl 64 = L = 13.38 = 0.7 5 ( a e 1, Q = 0.7 ) 
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(b) Strength in bending about major axis: 
The deduction from the flat width of the compression flange is 
(32.1 - 31.7) X 0.075 = 0.03 (see above) 
The reduced I'z is then: 102.07 - (0.03 X 3.462 ) = 101.71 in.3 
Total effective length is: Left = 13.38 - 0.03 = 13.35 in. 
The distance rof the X-X axis (through the center of gravity of the reduced 
section) from the Z-Z axis, is found from the equation: 
13.35 Cy) = 0.03 X 3.46 = 0.1038; f = 0.01 in. 
Therefore I'x = I'z - (13.35 X 0.012 ) = 101.71 - 0.00 = 101.71 in.3 
Distance from X-X axis to the extreme fiber is: 3.50 + 0.01 = 3.51 in. 
S - I':.: X t _ 101.71 X 0.075 _ 2173· 3 (T bl 1 S - 218· 3) x - 3.51 - 3.51 -. In. a e , x -. In. 
Mmax = fb X Sx = 20,000 X 2.173 in. 3 = 43,460 in.-Ib. 
EXAMPLE No. 16 
•• 6" I 6" I 6" 
Beam strength using linear method. 
GIVEN: 
1. STEEL: Specified minimum yield = 30,000 psi (fb = 18,180 psi). 
2. A 24 gage wall siding as shown. 
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REQUIRED: Strength in bending per foot of width about the minor axis when 
flat elements are in compression. 
SOLUTION: 
Properties of Circular Elements: From page 28. 
Element No.2: 
Radius: R = 0.125 in. 
Angle 0: = 76 0 - 44' = 1.339 Radians 
Sin = 0.973 Cos = 0.229 
The distance of the center of gravity of the arc with central angle from the 
arc center is: 
_ R Sin (J _ (0.125) (0.973) _ 0091 . 
Cl - (J - 1.339 -. 10. 
I' ( 0 + S:O Cos(} _ (S~0)2) R8 
(
1.339 + (0.973)(0.229) _ (0.973)2) (0.125)3 
2 1.339 
Negligible 
Element No. " 
Radius: R = 0.500 in. 
Angle 0: Same as for Element No.2 (see above) 
_ (0.500) (0.973) _ 0363 . 
Cl - 1.339 -. 10. 
I' = (1.339 + (0~73) (0.229) (0.973) 2 ) (0.500) 3 = 0.009 in.8 
1.339 
For an approximation use an effective width of 'element No.1 based on 
f = 18,180 psi. 
Y!... = 6.302 = 262 
t 0.024 
From Chart 3A, the effective design width, b, exclusive of corners 
= 56.2t = 1.349 in. 
Cross-sectional Properties: 
Length Distance from 











Distance of neutral axis from Z axis: 
1.554 














Guided by the determination in the first approximation: 
Assume Yeg = 0.580 in. 
Then the compressive stress in Element No.1 is: 
fe = ~:~~~ X 18,180 = 11,460 psi 
From Chart 3A, for this fe and wit = 262: bit = 69.7, thus, the effective 
design width, b, = 69.7 X 0.024 = 1.673 in. 
Length L 
Element (in.) 

















Summation 2.721 1.554 
Distance of X axis from Z axis: Yeg = ~:;~i = 0.571 in. 
3rd Approximation: 
On the basis of the determination above assume Y = 0.568 in. 
fe = ~:~~~ X 18,180 = 11,080 psi 
From Chart 3A, for this fe and w /t = 262, bit = 70.8; thus, the effective 
design width, b = 70.8 X 0.024 = 1.700 in. 
Element 
L y (I.:) y (L) y2 
(in.) (in.) (in.2 ) (in.S ) 
I' of elements about 
their own axes 
1 1.7go = 0.850 0 0 o 




1.047 0.606 0.634 0.384 
0.670 1.364 0.914 1.247 
2.734 1.554 1.631 
1.047 X 1.0192 
12 = 0.091 
See above = 0.009 
0.100 in.3 
(l/2) I'. = 1.631 + 0.100 = 1.731 in.3 
Yeg = ~:;~! = 0.568 in. (Checks the assumed value) 
Compute I' x for one-half of the 8 in. width: 
(l/2) I'x = (1/2) I'.-L (YCg)2 = 1.731- (2.734 X 0.5682) = 0.849 in.3 
I' x = 0.849 X 2 = 1.698 in.3 
Ix = I' x t = 1.698 X 0.024 = 0.0407 in. 4 
S - 0.0407 - 00437 . 3 
x - 0.932 -. 10. 
Mmax = fb X Sx = 18,180 X 0.0437 = 795 in.-lb. 
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EXAMPLE No. 17 
t----~8 .•• 2·-____Ii 0.184" 
Rs 3/32" !5 
0 .0.0" 
-"1---11--. -_. --- ---'--_ . -_. 
3 .000" 
Beam strength of hat section using the linear method. 
GIVEN: 
1. STEEL: Grade C (fb = 20,000 psi) 
2. SECTION: As shown in the· sketch. 
REQUIRED: Beam strength about the major axis. 
SOLUTION: 
Properties of the 90° Corner: From page 28, with radius of center of 
corner R = 0.094 + o.~ = 0.124 in. 
Length of are, L = 1.57 X 0.124 = 0.195 in. 
Distance center of radius to CG. of corner: 
c = 0.637 X 0.124 = 0.079 in. say 0.08 in. 
I' of corner about its own centroidal axis is negligible. 
Computation of I:.: 
Fint Approximation: 
For a first approximation assume a compression stress of 20,000 psi in the 
top fibers of the section. According to Section 2.3.1.1 of the Design Specification: 
wit = 80~: = 144.9. From Chart 3A, the effective design width of the 
top Bange is b = 51.3t = 51.3 X 0.06 = 3.08 in. 
L Y 
Element Effective Length Dist. from L(y) L(y)2 
No. (in. ) top fiber (in.) (in.2) (in.lI ) 
1 2 X 0.596 = 1.192 3.548 4.229 15.004 
2 4 X 0.195 = 0.780 3.926 3.062 12.021 
3 2 X 2.692 5.384 3.970 21.374 84.855 
4 2 X 3.692 = 7.384 2.000 14.768 29.536 
5 3.080 0.030 0.092 0.003 
6 2 X 0.195 = 0.390 0.074 0.029 0.002 
Summation 18.210 43.554 141.421 
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Distance of axis from top fiber is 
43.554 2392 . 
Yce = 18.210 =. In. 
NOTE: Since distance of top compression fiber from neutral axis is greater 
than one half the beam depth, a compression stress of 20,000 psi will govern as 
assumed and no further approximation will be required. 
Total area of the section = total actual length X t = 23.822 X 0.06 = 1.43 in. 2 
Linear I's of elements about their own axes: 
21'1 1 2 X 12 X (0.596)3 = 
1 
2 X 12 X (3.692)3 = 




l' top fibers 149.844 in.3 
Minus Summation L (Yci) = - 18.210 X (2.392)2 = - 104.192 in.3 
Linear!'" = 45.652 in.3 
Actual I" =-1' lOt = 45.652 X 0.06 = 2.740 in:' 
Section Modulus, S" = 2.740/2.392 = 1.145 in.3 
Resisting Moment = 20,000 X 1.145 = 22,900 in.-Ib. 
EXAMPLE No. 18 
3.000" 
Beam strength of hat section with intermediate stiffener 
using linear method. 
GIVEN: 
1. STEEL: Grade C (fb = 20,000 psi) 
'8 
• 
2. SECTION: As shown in the sketch. (same as Example 17 except for 
added stiffener). 
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REQUIRED: a. Beam Strength about the major axis. 
b. Compare the structutal economy of this section with the iden-
tical section without intermediate stiffener computed in Ex-
ample 17. 
SOLUTION: 
(a). Beam strength about the major axis. 
From Example 17, for a single corner, 
Length of arc, L = 0.195 in. 
Distance center of radius to e.G. of corner, c = 0.08 in. 
I' of single corner arc about its own axis is negligibl~. 
Computation of Ix 
First Approximation: 
For a first approximation assume a compression stress of 20,000 psi in the 
top fiber of the section. According to Section 2.3.1.2 of the Specification and using 
Chart 3A for wit = 68.3, the effective design width of each sub-element of top 
flange is 
~ ~ ~ - 0.10 (~- 60) = 45.02 - 0.10 (68.3 - 60) = 44.19 
t t t 
b' = 44.19 X 0.06 = 2.651 in. 
In accordance with Section 2.3.1.2, the effective length of intermediate stiff-
ener is 
Lett = LtuJl (b'/w) = (4 X 0.195 + 2 X 0.35) (2.651/4.098) = 0.957 in. 
L Y 
Element Effective Length Dist.from L(y) L (y2) 
No. (in.) top fiber (in.) (in.2) (in.S ) 
1 2 X 0.596 = 1.192 3.548 4.229 15.004 
2 4 X 0.195 0.780 3.926 3.062 12.021 
3 2 X 2.692 5.384 3.970 21.374 84.855 
4 2 X 3.692 7.384 2.000 14.768 29.536 
5 2 X 2.651 5.302 0.030 0.159 0.005 
6 2 X 0.195 0.390 0.074 0.029 0.002 
7 stiffener = 0.957 0.279 0.267 0.074 
--
Summation 21.389 43.888 141.497 
Distance of axis from top fiber is 
43.888 
= 2.052 Yeg = 21.389 tn. 
Since Yeg, distance of top compression fiber from neutral axis, is greater than one 
half the beam depth, a compression stress of 20,000 psi will govern as assumed 
and no further approximation will be required. 
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Total area of the section = total actual length X t = 24.806 X 0.06 = 1.48 in.2 
Linear I's of elements about their own axes: 
1 21'1 2 X 12 (0.596)3 = 0.035 in.s 
2 X l~ (3.692)3_ 
Summation L (y2) = 
I' tOP fiber 





Linear I' x 59,860 in.3 
Actual Ix = I' x X t = 59.860 X 0.06 = 3.592 in" 
Section on Modulus, Sx = 3.592/2.052 = 1.750 in.s 
Resisting Moment = 20,000 X 1.750 = 35,000 in.-Ib. 
(b) . Compare the structural economy of this section with the identical section 
without intermediate stiffeners. 
In comparing the weight and beam strength of the hat section with and 
without intermediate stiffener, in Examples 17 and 18, it is found that the 
hat section with intermediate stiffener is heavier than the identical section 
without intermediate stiffener by about 3.5 per cent, but that its beam 
strength is 53 per cent greater than that of the section without intermediate 
stiffener. This illustrates the economy to be gained by adequate stiffenin8. 
EXAMPLE No. 19 
Connecting two ehanneb to form an I-eeetion. 
GIVEN: 1. 2 channels with stiffened flanges: 
2~ x 2Y.z x No. 16 ga 
2. STEEL: Grade C (fb = 20,000 psi) 
REQUIRED: 
1. Determine the maximum permissible longitudinal spacing of con-
nectors joining two channels to form an I-section used as a com-
pression member with unsupported length of 12 ft. 
2. Design resistance welds connecting the two channels to form an 
I-section used as a beam with the following load, span and support 
conditions. 
69 
a. Span: 10'-0" 
b. Total uniformly distributed load including dead load: 
340 lb per lin. ft. 
c. Length of bearing at end support: 3.in. 
SOLUTION: 
1. Maximum longitudinal spacing of connectors for compression 
member. 
For 'compression members, the maximum permissible longi-
tudinal spacing of connectors is specified in Section 4.3 (a) of the 
Specification as follows: 
_ L r2 _ (12 X 12) X 0.91 (Table 1) _ 274 . 
Smax - 2 rl - 2 X 2.39 (Table 5) - . In. 
Therefore, the maximum spacing of connectors used for connect-
ing these two Channels as a compression member is 27 in. 
2. Design resistance welds connecting the two channels to form an 
I-section used as a beam. 
Since a uniform spacing of connectors would result in un-
economical design, the connection spacing will be varied along 
the beam according to the variation of the load intensity. 
(a) Spacing of welds between end supports: 
The maximum permissible longitudinal spacing of welds for a 
flexural member is specified in Section 4.3 (b) as follows: 
Smax = L/6 = 12 X 10/6 = 20 in. 
Maximum spacing is also limited by 




c 5.0 in. (assumed for 6 in. deep section) 
S .. = 220lb (assumed value for 16 ga sheet) 
m = 1.11 in. (Table 1) 
q = 3 X 340/12 = 85.0 lb per lin. in. [Section 4.3(b)] 
Thus 
2 X 5.0 X 220 . 
SUm = 1.11 X 85.0 = 23.3 In. 
Since SUm is larger than the value of Smax, a spacing of 20 in. for 
the welds between end supports is the maximum permitted. 
(b) Spacing of welds at end supports. 
Because the length of bearing at the end support is smaller than 
die weld spaci~, s, computed in ( a), the limiting spacing for 
weld at the end support will be calculated as 




in which all the values are the same as used in (a) except 
Total end reaction q Length of bearing 
340 X 5 . 3 567 lb per lD. 
Thus 
Slim 
2 X 5.0 X 220 . 
1.11 X 567 = 3.5 lD. 
Since this is larger than the bearing length of 3.0 in., the strength 
of the welds directly at the reaction, according to Section 4.3, must be 
S - Pm _ 340 X 5 X 1.11 188 lb 
w - 2c - 2 X 5 = . 
which is less than 220 lb, as provided. 
EXAMPLE No. 20 
, =0.105·· 
BOLT O'A. = 112·' 




I ',. , ~ , -P=3800L8 
~!~ f-
Bolted Connections. 
GIVEN: 1. STEEL: Grade C (fb = 20,000 psi) 
2. Total Load: p = 3,800 lb. 
3. Detail of connections: Shown in above sketch. 
REQUIRED: Design the bolted connection in accordance with Section 4.5 of 
the Specification, to transmit p = 3,800 lb. 
SOLUTION: 1. Number of bolts required. 
From Table 14, Unfinished Bolts, 2-Yl" 0 unfinished bolts 
will be needed for shear requirement. 
2. Minimum edge distance in line of stress. 
As specified in Section 4.5.1, the minimum edge distance in line 
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of stress from center of bolt to the end of sheet shall be not 
less than 
(a) 1Y2d = 1Y2 X (Y2) = 0.75 in. nor less than 
(b) P 3,800/2 0905 . fbt = 20,000 X 0.105 =. tn. 
Therefore, an end distance in line of stress of 1 inch is used 
in this example. 
3. Check tension stress on net section. 
Using the arrangement of bolts as shown in above sketch, the 
allowable tension stress on net section is 
fall = (0.1 + 3 dis) fb 
= (0.1 + 3 X 0.5/2) X 20,000 17,000 psi 
but the actual tensile stress is 
f P 3,800 6 
net = Anet = [4-2(~ + Yt6)] X 0.105 = 12, 00 psi 
which is less than the computed allowable tension stress. 
4. Bearing requirement in bolted connection. 
From Tabl~ 14, Unfinished Bolts, for 2-~" ~ bolts in a 12 ga 
sheet, the allowable force in bearing is 2 X 3,660 = 7,320 lb 
which is considerably greater than the given load, 3,800 lb. 
Therefore, 2-~" ~ unfinished bolts will be used in this con-
nection and arranged as shown in the sketch. 
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PART IV 
CHARTS AND TABLES OF 
STRUCTURAL PROPERTIES 
PART IV 
CHARTS AND TABLES OF 
STRUCTURAL PROPERTIES 
This section contains revised and new tables of properties of a selected series 
of cold-formed sections and charts for determination of effective widths, column 
design curves, curves for allowable compression stress on unstiffened elements, 
allowable compression stress on laterally unbraced single web beams, web 
crippling of beams and spacing of connections in compression elements. 
In Tables 1, 2, 3, 5,6, 7, and 9, the properties of the effective cross section 
for sections having stiffened compression elements, the allowable beam stress and 
beam strength for sections having unstiffened compression elements, and column 
factor Q for each section have been changed from the previous edition in accord-
ance with the revised specification. In addition, the distance "m" from the shear 
center of channels to the mid-plane of their webs has been added to Tables 1 and 
2. Properties about the y-y axis of two channels connected flange lip to flange lip 
have been added to Table 5. 
Tables 4, 8, 13, 14, 15, and 16 ate new tables. 
The effective width charts of the 1956 edition of this manual have been 
replaced by new chatts drawn to conform to the revised provisions of the Speci-
fication for effective width determination. There ate two charts for effective 
width determination for safe load calculations and two for effective width deter-
mination for deflection calculations. One of each pair of chatts covers the entire 
range of flat-width ratios permitted under the specification. The other includes 
only the smaller flat-width ratios and is drawn to a larger scale. 
Chatt 4, Column Design Curves, has also been revised to conform to the 1960 
Specification. 
Chatts 5 through 8 are new charts. 
In the following tables: 
fb is the basic design stress. 
Sx and S7 ate section moduli about the X-X and Y-Y axes, respectively. 
Ix and 17 are moments of inertia of the section about the X-x and Y-Y 
axes, respectively. 
Ix and r7 ate radii of gyration about the X-x and Y-Y axes, respectively, 
based on the full theoretical oudine of the section as specified in Section 3.6, 
Design Specification. 
Q is the column form factor defined in Section 3.6.1, Design Specification. 
The properties in the tables have been tabulated both for Grade C steel 
(33,000 lb per sq. in. specified minimum yield point, fb = 20,000 lb per sq. 
in.) and for a high strength steel having a specified minimum yield point of 
50,000 psi and fb = 30,000 psi. 
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Interpolation and Extrapolation 
Properties which vary with the basic design stress fb, may be found for 
other grades of steel by straight line interpolation and extrapolation provided 
fb is not less than 15,000 psi nor more than 33,500 psi. The procedure for such 
determination may be expressed by the following formula: 
Fr = F20 +( (Fao - F20)30,;0~~,~g~oo),inwhich 
Fr is the property desired. 
F20 and Fao are the corresponding properties for fb = 20,000 and 
fb = 30,000 psi respectively. 
fb is the basic allowable design stress for which the interpolated property 
Fr is the property desired. 
In using the above formula careful attention must be given to the sign of 
each quantity shown. 
The following properties are subject to straight line interpolation and extra-











THE SPECIFIC SECTIONS LISTED IN THE FOLLOWING TABLES ARE 
NOT NECESSAR.Il;Y STOCK SECTIONS. THEY ARE INCLUDED PRIMA-
RILY AS A GUIDE IN THE DESIGN OF LIGHT GAGE COLD-FORMED 




.£ ~ 1] 1 u== CHANNEL OR ZEE WITH JJ I n STIFFENED FLANGES ~B=I 
Effective section for beam strength about the x-x axis where 
wit of compression flange exceeds 28_4 for fb = 20000 psi 
and 23.2 for fb = 30,000 psi. ' 
Beam Strength Properties 01 Full Section 
Nominal 
Effective S" Area Axis x-x Axis y-y 
--------
t Wt./Ft. COR1. COR1. C Size COR1. DxB Gage 










12 X 3!h 10 0.135 9.42 9.37 9.37 2.70 56.2 9.37 4.56 4.03 1.55 1.22 0.910 
12 0.105 7.31 7.31 7.22 2.10 43.8 7.31 4.57 3.09 1.18 1.21 0.883 
10 x 3!h 10 0.135 8.48 7.30 7.30 2.43 36.5 7.30 3.87 3.81 1.53 1.25 1.00 
12 0.105 6.57 5.70 5.64 1.89 28.5 5.70 3.89 2.93 1.16 1.25 0.975 
14 0.075 4.67 3.90 3.72 1.34 20.5 4.10 3.91 2.02 0.783 1.23 0.926 
9 x3~ 10 0.135 7.77 6.04 6.04 2.23 27.2 6.04 3.49 3.08 1.35 1.17 0.965 
12 0.105 5.95 4.66 4.65 1.71 21.0 4.66 3.50 2.26 0.965 1.15 0.910 
14 0.075 4.28 3.29 3.15 1.23 15.3 3.40 3.53 1.63 0.689 1.15 0.888 
16 0.060 3.40 2.49 2.36 0.975 12.2 2.70 3.53 1.26 0.527 1.14 0.859 
8x3 10 0.135 6.97 4.83 4.83 2.00 19.3 4.83 3.11 2.33 1.11 1.08 0.901 
12 0.105 5.40 3.78 3.78 1.55 15.1 3.78 3.12 1.79 0.840 1.07 0.873 
14 0.075 3.89 2.72 2.62 1.12 11.1 2.76 3.15 1.29 0.600 1.08 0.851 
16 O.OGO 3.08 2.06 1.95 0.885 8.79 2.20 3.15 0.997 0.458 1.06 0.822 
7x2l4 10 0.135 6.17 3.75 3.75 1.77 13.1 3.75 2.72 1.71 0.893 0.982 0.837 
12 0.105 4.86 2.98 2.98 1.39 10.4 2.98 2.74 1.38 0.723 0.996 0.837 
14 0.075 3.50 2.18 2.11 1.00 7.66 2.19 2.76 1.00 0.517 0.999 0.815 
16 O.OGO 2.77 1.67 1.59 0.795 6.10 1.74 2.77 0.773 0.393 0.986 0.786 
6x2!h 10 0.135 5.37 2.81 2.81 1.54 8.42 2.81 2.34 1.21 0.700 0.885 0.774 
12 0.105 4.23 2.24 2.24 1.21 6.72 2.24 2.35 0.983 0.570 0.900 0.774 
14 0.075 3.10 1.68 1.65 0.891 5.04 1.68 2.38 0.756 0.440 0.921 0.780 
16 0.060 2.46 1.31 1.26 0.705 4.01 1.34 2.39 0.583 0.333 0.910 0.751 
5x2 10 0.135 4.43 1.88 1.88 1.27 4.69 1.88 1.92 0.651 0.480 0.715 0.644 
12 0.105 3.50 1.51 1.51 1.00 3.76 1.51 1.94 0.534 0.394 0.729 0.643 
14 0.075 2.53 1.12 1.12 0.726 2.80 1.12 1.96 0.390 0.283 0.733 0.622 
16 O.OGO 2.00 0.890 0.881 0.573 2.23 0.891 1.97 0.298 0.212 0.721 0.594 
18 0.048 1.61 0.706 0.681 0.461 1.80 0.722 1.98 0.244 0.173 0.727 0.594 
4x2 10 0.135 3.96 1.38 1.38 1.14 2.76 1.38 1.56 0.601 0.466 0.727 0.712 
12 0.105 3.14 1.11 1.11 0.900 2.22 1.11 1.57 0.493 0.383 0.740 0.712 
14 0.075 2.27 0.832 0.832 0.651 1.67 0.832 1.60 0.361 0.276 0.745 0.689 
16 0.060 1.79 0.665 0.655 0.513 1.33 0.665 1.61 0.277 0.206 0.735 0.660 
18 0.048 1.44 0.529 0.508 0.413 1.08 0.540 1.62 0.226 0.169 0.740 0.660 
3!h X 2 10 0.135 3.73 1.15 1.15 1.07 2.01 1.15 1.37 0.571 0.458 0.730 0.753 
12 0.105 2.95 0.927 0.927 0.847 1.62 0.927 1.38 0.469 0.376 0.744 0.753 
14 0.075 2.14 0.699 0.699 0.613 1.22 0.699 1.41 0.344 0.271 0.750 0.729 
16 O.OGO 1.68 0.559 0.551 0.483 0.979 0.560 1.42 0.264 0.203 0.740 0.699 
18 0.048 1.36 0.444 0.4e6 0.389 0.795 0.455 1.43 0.216 0.166 0.745 0.699 
3 X 114 12 0.105 2.59 0.679 0.679 0.742 1.02 0.679 1.17 0.319 0.300 0.655 0.689 
14 0.075 1.82 0.509 0.509 0.523 0.764 0.509 1.21 0.219 0.196 0.647 0.635 
16 O.OGO 1.47 0.416 0.416 0.423 0.624 0.416 1.22 0.181 0.162 0.654 0.635 
18 0.048 1.16 0.331 0.322 0.331 0.498 0.332 1.23 0.137 0.119 0.642 0.604 
NOTE: The effective section moduli in bending about the y-y axis have not been tabulated. When one of the webs acts as a compression flange 
the section modulus should be calculated on the basis 01 its effective width as provided in Section 2.3 01 the Design Specification. When the 
web acts as a tension f1anse the section modulus of the lull section is effective. 
For all of the sections liste in this table the moment of inertia. I., of the lull section may be used in deflection calculations without appreciable 
error. 
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Dimensions of Sections 
-----------I-------- I------I- ---~--------~----------~-----
Iy 5 y ry r min. I"y fb = fb = D B d t R m Gage Size DxB 
--------------·1---In. In.' In." In. In.-
20,000 30,000 
psi psi In. In. In. In. In. In. No. In. 











4.87 1 53 1.48 
3.51 1.10 1.43 
2.52 0.783 1.43 
1.93 0.599 1.41 
3.72 1.27 1.36 
2.83 0.9GO 1.35 
2.03 0.685 1.35 
1.55 0.523 1.32 
2.76 1.03 1.25 
2.24 0.830 1.27 
1.61 0.593 1.27 
1.23 0.451 1.24 
1.98 0.813 1.13 
1.62 0.660 1.15 
1.25 0.507 1.18 











0.947 8.51 0.852 0.803 
0.925 6.33 0.785 0.737 
0.928 4.56 0.674 0.607 
0.916 3.55 0.590 0.522 
0.864 6.29 0.887 0.837 
0.8GO 4.85 0.821 0.774 
0.863 3.50 0.719 0.653 
0.851 2.73 0.635 0.565 
0.782 4.49 0.924 0.876 
0.793 3.61 0.861 0,814 
0.796 2.61 0.764 0.701 
0.785 2.03 0.686 0.615 
0.699 3.06 0.962 0.919 
0.710 2.48 0.905 0.858 
0.729 1.88 0.815 0.759 
0.718 1.46 0.744 0.674 
1.07 0.555 0.919 0.570 
0.885 0.454 0.939 0.580 
0.638 0.325 0.938 0.583 
0.480 0.244 0.915 0.573 
0.393 0.199 0.924 0.577 
1.68 0.994 0.964 
1.37 0.951 0.907 
0.998 0.858 0.811 
0.772 0.801 0.745 
0.629 0.737 0.670 
1.07 0.555 0.971 0.558 
0.885 0.454 0.997 0.568 
0.638 0.325 0.990 0.571 
0.480 0.244 0.967 0.561 
0.393 O.lSg 0.976 0.565 
1.07 0.555 1.00 0.544 
0.885 0.454 1.02 0.553 
0.638 0.325 1.02 0.556 
0.480 0.244 0.997 0.547 
0.393 0.199 1.01 0.551 
0.619 0.365 0.913 0.488 
0.406 0.239 0.881 0.477 
0.336 0 195 0.891 0.482 
0.248 0.144 0.865 0.471 
1.31 1.000 0.998 
1.07 0.994 0.968 
0.786 0.926 0.885 
0.610 0.875 0.821 
0.498 0.810 0.738 
1.13 1.000 1.000 
0.923 1.000 0.991 
0.681 0.959 0.922 
0.529 0.914 0.861 
0.432 0.851 0.779 
0.610 1.000 1.000 
0.430 0.985 0.954 
0.354 0.949 0.910 



































































































































0.135 0/16 1.43 
0.105 0/16 1.38 
0.075 %2 1.35 
0.060 %2 1.32 
0.135 0/16 1.32 
0.105 311 6 1.31 
0.075 %2 1.27 
0.060 %2 1.25 
0.135 0/16 1.22 
0.105 0/16 1.24 
0.075 %2 1.20 
0.060 %2 1.18 
0.135 0/16 1.12 
0.105 0/16 1.14 
0.075 %2 1.13 
O.OGO %2 1.11 
0.135 0/16 0.913 
0.105 311 6 0.936 
0.075 3/32 0.900 
O.OGO %2 0.878 
0.048 %2 0.890 
0.135 0/16 0.976 
0.105 0/16 0.998 
0.075 3/32 0.954 
0.060 3/32 0.934 
0.048 3/32 0.942 
0.135 0/16 LIN 
0.105 0/16 1.03 
0.075 %2 0.992 
0.060 %2 0.966 
0.048 0/32 0.972 
0.105 3116 0.932 
0.075 0/32 0.8GO 
O.OGO %2 0.867 









































12 X 3Yz 
10 X 3Yz 




4 X 2 
3Yz X 2 
DIMENSIONS: Equipment and forming practices vary with different manufacturers. resulting in minor variations in some of these. dimensions. 
These minor variations do not affect the published properties. Consult the manufacturer for actual weight per foot and actual dimensions. 
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TABLE 2 E r'j y y 1== 1: T~ CHANNEL OR ZEE WITH x x r UNSTIFFENED FLANGES 1== ~ ,,-I I-B-\ f-- .1 1 
Properties of Full Section 
Nominal Area Axis x·x Axis y.y 
Size 
t Wt./Ft. COAt C t 
DxB Gage CaRl. 
Ix 5. rx Iy sy ry X Iy sy ry 
----- - --
---- - -
- - ------------ -





8x2 10 0.135 5.38 1.55 12.9 3.24 2.89 0.465 0.293 0.548 0.383 0.621 0.327 0.634 
12 0.105 4.23 1.21 10.3 2.57 2.91 0.379 0.236 0.559 0.376 0.510 0.263 0.648 
14 0.075 3.08 0.884 7.66 1.91 2.94 0.294 0.178 0.577 0.373 0.396 0.199 0.669 
16 O.OGO 2.44 0.699 6.02 1.50 2.93 0.211 0.132 0.549 0.343 0.279 0.146 0.632 
7 X Ilh 10 0.135 4.39 1.26 7.54 2.15 2.45 0.170 0.148 0.368 0.2GO 0.214 0.161 0.413 
12 0.105 3.50 1.00 6.18 1.77 2.48 0.160 0.131 0.399 0.268 0.209 0.145 0.456 
14 0.075 2.53 0.725 4.54 1.30 2.50 0.113 0.0930 0.395 0.248 0.144 0.101 0.446 
16 0.060 1.99 0.572 3.54 1.01 2.49 0.077 0.0669 0.368 0.221 0.985 0.0730 0.415 
6xllh 10 0.135 3.91 1.12 5.12 1.70 2.13 0.164 0.146 0.382 0.283 0.214 0.161 0.437 
12 0.105 3.13 0.898 4.22 lAO 2.17 0.155 0.130 0.415 0.293 0.209 0.145 0.482 
14 0.075 2.26 0.650 3.10 1.03 2.19 0.109 0.0918 OA1O 0.272 0.144 0.101 0.471 
16 O.OGO 1.78 0.512 2.42 0.806 2.17 0.075 0.06GO 0.383 0.243 0.0985 0.0730 0.439 
18 0.048 1.43 OA09 1.94 0.646 2.18 0.059 0.0519 0.378 0.234 0.0764 0.0572 0.432 
5xlY4 12 0.105 2.58 0.741 2.38 0.953 1.79 0.087 0.0884 0.343 0.252 0.118 0.0991 0.398 
14 0.075 1.84 0.528 1.71 0.683 1.80 0.053 0.0563 0.316 0.214 0.0690 0.0620 0.362 
16 O.OGO 1.47 0.422 1.37 0.547 1.80 0.041 0.0439 0.311 0.202 0.0533 0.0485 0.355 
18 0.048 1.15 0.331 1.06 0.423 1.79 0.027 0.0307 0.284 0.176 0.0346 0.0337 0.323 
4x lYa 12 0.105 2.17 0.623 1.33 0.663 1.46 0.071 0.0779 0.337 0.265 0.0981 0.0878 0.397 
14 0.075 1.61 0.462 1.02 0.512 1.49 0.058 0.0611 0.355 0.262 0.0807 0.0689 0.418 
16 0.060 1.26 0.362 0.792 0.396 1.48 0.039 0.0430 0.327 0.230 0.0533 0.0485 0.384 
18 0.048 1.01 0.289 0.635 0.318 1.48 0.030 0.0337 0.322 0.220 0.0410 0.0378 0.377 
3 X lYa 12 0.105 1.80 0.518 0.658 0.439 1.13 0.065 0.0750 0.354 0.308 0.0980 0.0877 0.435 
14 0.075 1.35 0.387 0.515 0.344 1.15 0.054 0.0590 0.372 0.306 0.0807 0.0688 0.457 
16 O.OGO 1.05 0.302 0.398 0.265 1.15 0.036 0.0416 0.344 0.270 0.0533 0.048.5 0.420 
18 0.048 0.841 0.241 0.319 0.213 1.15 0.028 0.0326 0.339 0.259 0.0410 0.0378 0.412 
2 X lYa 12 0.105 1.44 0.413 0.250 0.250 0.779 0.056 0.0702 0.369 0.374 0.0979 0.0876 0.487 
14 0.075 1.09 0.312 0.200 0.200 0.800 0.047 0.0556 0.387 0.370 0.0807 0.0688 0.509 
16 O.OGO 0.843 0.242 0.154 0.154 0.799 0.031 0.0392 0.360 0.330 0.0533 0.0484 0.469 
18 0.048 0.673 0.193 0.124 0.124 0.802 0.024 0.0308 0.356 0.318 0.0410 0.0378 0.461 
NOTE: The effective section moduli in bending about the y-y axis have not been tabulated. When one of the webs acts as a com· 
pression flange the section modulus should be calculated on the basis of its effective width as provided in Section 2.3 of the Design 
Specification. When the web acts as a tension flange the section modulus of the full section is effective. 
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TABLE 2 
y t 8-j 1 8j 




Allowable Beam Column Factor Full Section Dimensions 01 Sections (cont'd) Stress Ie Q 
Axis Product 01 





r min. Ixy Ib = 20,000 fb = 30,000 o I B t R ~ Gage Size DxB 
-- Ib = 20,000 Ib = 30,000 ----------
In. In. psi psi psi psi In. In. In. In. In. No. In. 
I---
--------
0.461 1.92 18,960 27,49Q 0.817 0.736 8.0 1.97 0.135 0/.6 0.531 10 8x2 
0.470 1.56 17.100 22,980 8.0 1.99 0.105 0/.6 0.552 12 
0.486 1.18 13,040 13.150 8.0 2.03 0.Q75 %2 0,581 14 0.463 0.869 11,610 11,610 8.0 1.94 0.060 %2 0.550 16 
0.312 0.825 20,000 30,000 0.893 0.825 7.0 1.40 0.135 0/.6 0.329 10 7xlYz 
0.341 0.750 19,340 28,400 7.0 1.49 0.105 0/,6 0.376 12 
0.336 0.526 16,610 21,790 7.0 1.46 0.075 %2 0.376 14 0.316 0:380 15,090 18,130 7.0 1.38 0.060 %2 0.350 16 
0.320 0.705 20,000 30,000 0.948 0.889 6.0 1.40 0.135 0/.6 0.353 10 6 X lYz 
0.3h8 0.641 19,340 28,400 0.849 0.774 6.0 1.49 0.105 0/.6 0.402 12 
0.345 0.4.50 16,610 21,790 6.0 1.46 0.Q75 %2 0.402 14 
0.324 0.325 15,090 18,130 6.0 1.38 0.060 %2 0.375 16 
0.320 0.255 12,840 12,840 6.0 1.36 0.048 %2 0.372 18 
0.287 0.363 20,000 30,000 0.934 0.874 5.0 1.24 0.105 0/.6 0.327 12 5xlV4 
0.267 0.229 18,550 26,490 5.0 1.15 0.Q75 %2 0.303 14 
0.263 0.180 17,050 22,870 5.0 1.13 0.060 %2 0.301 16 
0.243 0.125 15,810 19,850 5.0 1.05 0.048 %2 0.273 18 
0.274 0.256 20,000 30,000 0.991 0.953 4.0 1.17 0.105 0/.6 0.327 12 4 X IVa 
0.291 0.203 18,180 25,580 0.827 0.734 4.0 1.21 0.075 %2 0.357 14 
0.271 0.143 17,050 22,870 4.0 1.13 0.060 %2 0.330 16 
0.267 0.112 15,220 18,430 4.0 1.11 0.048 %2 0.326 18 
0.276 0.191 20,000 30,000 1.000 1.000 3.0 1.17 0.105 0/.6 0.362 12 3xlYs 
0.294 0.151 18,180 25,580 0.897 0.815 3.0 1.21 0.075 %2 0.394 14 
0.275 0.107 17,050 22,870 0.808 0.694 3.0 1.13 0.060 %2 0.365 16 
0.272 0.0836 15,220 18,430 0.687 0.538 3.0 1.11 0.048 %2 0.361 18 
0.262 0.124 20,000 30,000 1.000 1.000 2.0 1.17 0.105 31i6 0.405 12 2 x lYs 
0.280 0.0993 18,180 25,580 0.909 0.853 2.0 1.21 0.Q75 %2 0.439 14 
0.266 0.0705 17,050 22,870 0.853 0.762 2.0 1.13 0.060 %2 0.408 16 
0.264 0.0553 15,220 18,430 0.759 0.608 2.0 1.11 0.048 %2 0.404 18 
DIMENSIONS: Equipment and lorming practices vary with different manulacturers, resulting in minor variations in some 01 these dimensions. 
These minor variations do not affect the published properties. Consult the manulacturer for actual weight per foot and actual dimenSions. 
Column form lactors, Q, for members havin~ webs with wit-ratios in excess 01 60 are not shown. See limitations 01 Section 2.3.3(a) of the 
Specification applicable to element stiffened y simple lip. 
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TABLE 3 
L EQUAL LEG ANGLE .~ WITH UNSTIFFENED LEGS 
y • 
Properties of Full Section Beam Strength 
Nominal fb = 20,000 psi 
Axis x-x and Axis y-y Axis z-z 
Mmax. Mmax. 
t Wt.IFt. Area Compo Compo 









4x4 10 0.135 3.66 1.05 1.715 0.582 1.28 1.07 0.662 0.794 12,300 7,160 11,640 
3x3 10 0.135 2.72 0.781 0.712 0.324 0.955 0.819 0.271 0.589 15,340 4,970 6,480 
12 0.105 2.16 0.620 0.586 0.262 0.972 0.817 0.224 0.601 12,600 3,300 5,240 
2~ X 2Yz 10 0.135 2.25 0.646 0.407 0.223 0.793 0.694 0.153 0.487 17,080 3,810 4,460 
12 0.105 1.79 0.515 0.338 0.182 0.811 0.692 0.128 0.499 14,600 2,660 3,640 
2x2 10 0.135 1.78 0.511 0.204 0.141 0.632 0.569 0.0756 0.385 18,830 2,650 2,820 
12 0.105 1.43 0.410 0.173 0.116 0.649 0.567 0.0643 0.396 16,830 1,950 2,320 
14 0.075 1.08 0.311 0.144 0.092 0.680 0.570 0.0555 0.423 12,590 1,160 1.840 
16 0.060 0.840 0.241 0.104 0.069 0.658 0.545 0.0404 0.409 11,040 760 1,380 
The allowable bending moments shown in this Table apply only when the sections are adequately braced laterally. 
Where the vertical legs of the angles are in compression, Mm.' is based on the values of f, (see 3.2 of Design Specification) indicated; where 
the vertical legs of the angles are in tension Mmu is based on fb (tension) since the compression stress is always less than f, for the sections 
listed. 
Because it is virtually impossible to load single angle struts concentrically, the design of any such strut should take the eccentricity into accounl. 
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TABLE 3 
L EQUAL LEG ANGLE [-WITH 1 UNSTIFFENED LEGS /R 
f--a---J 
Beam Strength (cont'd) Column Factor 





f. x-l;: x-Fx B t R WI-1Ft. Gage Size 
Tension Tension 
_. fb= 20.000 fb = 30,000 
psi In.·Lb. In.·Lb. psi psi In. In. In. Lbs. No. In. 
_ ._ --
--
12300 7160 17460 0.542 0.361 4.01 0,135 0/16 3.66 10 4x4 
18730 6070 9720 0.767 0.624 3.01 0.135 0/16 2.72 10 3x3 
12600 3300 7860 0.587 0.391 3.05 0.105 0/16 2.16 12 
22950 5120 6690 0.854 0.764 2.51 0.135 0/16 2.25 10 2Yz X 2Yz 
16920 30BO 5.t6O 0.730 0.563 2.55 0.105 0/16 1.79 12 
27150 3830 4230 0.941 0.904 2.01 0.135 0/16 1.78 10 2x2 
22330 2590 3480 0.842 0.745 2.05 0.105 0/16 1.43 12 
12590 1160 2760 0.586 0.390 2.14 0.075 %2 1.08 14 
11040 760 2070 0.401 0.267 2.06 0.060 %2 0.840 16 
DIMENSIONS: Equipment and forming practices vary with different manufacturers, resulting in minor variations in some of these dimensions. 









Properties of Full Section 
Nominal Axis x·x and Axis y.y Axis z·z 
t Wt./Ft 
Area 
Size Gage I 5 r x=y I r 
In. No. In. Lbs. Sq. In. In.' In.' In. In. In.' In. 
4x4 10 0.135 4046 1.28 2.62 0.962 1.43 L29 L25 0.988 
3x3 10 0.135 3.34 0.957 L08 0.536 L06 0.993 0.531 0.745 
12 0.105 2.59 0.743 0.864 0.416 L08 0.973 00407 0.740 
2~ x2~ 10 0.135 2.68 0.768 0.579 0.342 0.868 0.818 0.277 0.600 
12 0.105 2.15 0.617 0.494 0.286 0.895 0.824 0.236 0.618 
2x2 10 0.135 2.21 0.633 0.306 0.233 0.695 0.695 0.159 0.501 
12 0.105 1.78 0.512 0.267 0.198 0.722 0.701 0.137 0.517 
14 0.075 1.33 0.381 0.222 0.154 0.763 0.693 0.107 0.530 
16 0.060 1.00 0.287 0.153 0.108 0.731 0.646 0.071 0.497 
NOTE: The properties listed in this Table apply only when the sections are adequately braced laterally. 
Unless lipped angle compression struts are checked for torsional buckling, these Q·values apply only to situations where such torsional 
buckling is prevented, as lor instance when two angles are connected back to back. 





L EQUAL LEG ANGLE rti WITH r- I-STIFFENED LEGS ~ .n-r ~B=r 
Column Form Factor Dimensions of Sections 
Q 
fb - 20,000 '" = 30,000 B d t R Wtjft Gaee Size 
psi psi In. In. In. In. lbs. No. In. 
1.000 0.997 4.01 1.1 0.135 3A. 4.46 10 4x4 
1.000 1.000 3.01 0.9 0.135 3A. 3.34 10 3x3 
1.000 1.000 3.05 0.8 0.105 '1M 2.59 12 
1.000 1.000 2.51 0.7 0.135 '1M 2.68 10 2!1 X 2!1 
1.000 1.000 2.55 0.7 0.105 '1M 2.15 12 
1.000 1.000 2.01 0.7 0.135 3A. 2.21 10 2x2 
1.000 1.000 2.05 0.7 0.105 3A. 1.78 12 
1.000 1.000 2.14 0.6 0.075 %z 1.33 14 
1.000 0.985 2.06 0.5 0.060 %z 1.00 16 
DIMENSIONS: Equipment and forming practices vary with different manufacturers, resulting in minor variations in some of these dimensions. 
These minor variations do not affect the published properties. Consult the manufacturer for actual weieht per foot and actual dimensions. 
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TABLE 5 
JC 2 CHANNELS rW-J:;Ei 1 t~ If- ;tl t WITH STIFFENED FLANGES o " " BACK-TO-BACK L n 
y 
Effective section for beam strength about the x-x axis where 
wit of compression flange exceeds 28.4 for fb = 20,000 psi 
and 23.2 for fb = 30,000 psi. 
Beam Strength Properties 01 Full Section 
Nominal 
Effective Axis x-x 
t Wl/Fl S" Sy Area Size 
DxB Gage fb = 20.000 fb = 30,000 fb = 20.000 I" S" psi psi Ib = 30.000 I'll 
tn. No. In. lbs. In.' In.' In.' SQ. In. In.' In.' 1"-
12 x 7 10 0.135 18.8 18.7 18.7 3.58 5.40 112.0 18.7 4.56 
12 0.105 14.6 14.6 14.5 2.70 4.20 87.7 14.6 4.57 
10 X 7 10 0.135 17.0 14.6 14.6 3.58 4.86 73.0 14.6 3.87 
12 0.105 13.1 11.4 11.3 2.70 3.78 57.0 11.4 3.89 
14 0.075 9.34 7.80 7.44 1.81 2.68 41.0 7.78 3.91 
9x6~ 10 0.135 15.5 12.1 12.1 3.17 4.46 54.3 12.1 3.49 
12 0.105 11.9 9.32 9.30 2.26 3.42 41.9 9.32 3.50 
14 0.075 8.56 6.56 6.30 1.60 2.46 30.6 6.56 3.53 
16 0.060 6.80 4.95 4.72 1.22 1.95 24.3 4.95 3.53 
8x6 10 0.135 13.9 9.66 9.66 2.63 4.00 38.6 9.66 3.11 
12 0.105 10.8 7.56 7.56 1.98 3.10 30.2 7.56 3.12 
14 0.075 7_78 5.42 5.24 1.40 2.24 22.1 5.42 3.15 
16 0.060 6.16 4.11 3.91 1.06 1.77 17.6 4.11 3.15 
7x5~ 10 0.135 12.3 7.50 7.50 2.14 3.54 26.2 7.50 2.72 
12 0.105 9.72 5.96 5.96 1.71 2.78 20.9 5.96 2.74 
14 0.075 7.00 4.35 4.22 1.21 2.00 15.3 4.35 2.76 
16 0.060 5.54 3.33 3.18 0.919 1.59 12.2 3.33 2.77 
6x5 10 0.135 10.7 5.62 5.62 1.71 3.08 16.8 5.62 2.34 
12 0.105 8.46 4.48 4.48 1.37 2.42 13.4 4.48 2.35 
14 0.075 6.20 3.35 3.30 1.04 1.78 10.1 3.35 2.38 
16 0.060 4.92 2.61 2.51 0.785 1.41 8.02 2.61 2.39 
5X4 10 0.135 8.86 3.76 3.76 1.18 2.54 9.38 3.76 1.92 
12 0.105 7.00 3.02 3.02 0.950 2.00 7.53 3.02 1.94 
14 0.075 5.06 2.24 2.24 0.671 1.45 5.60 2.24 1.96 
16 0.060 4.00 1.78 1.76 0.500 1.15 4.45 1.78 1.97 
18 0.048 3.22 1.41 1.36 0.406 0.922 3.61 1.41 1.98 
4x4 10 0.135 7.92 2.76 2.76 1.18 2.28 5.51 2.76 1.56 
12 0.105 6.28 2.22 2.22 0.950 1.80 4.44 2.22 1.57 
14 0.075 4.54 1.66 1.66 0.670 1.30 3.33 1.66 1.60 
16 0.060 3.58 1.33 1.31 0.500 1.03 2.66 1.33 1.61 
18 0.048 2.88 1.06 1.02 0.406 0.826 2.16 1.06 1.62 
3~ x4 10 0.135 7.46 2.30 2.30 1.18 2.14 4.01 2.30 1.37 
12 0.105 5.90 1.85 1.85 0.950 1.69 3.24 1.85 1.38 
14 0.075 4.28 1.40 1.40 0.670 1.23 2.45 1.40 1.41 
16 0.060 3.36 1.12 1.10 0.500 0.966 1.96 1.12 1.42 
18 0.048 2.72 0.888 0.852 0.406 0.778 1.59 0.888 1.43 
3x3~ 12 0.105 5.18 1.36 1.36 0.767 1.48 2.04 1.36 1.17 
14 0.075 3.64 1.02 1.02 0.491 1.05 1.53 1.02 1.21 
16 0.060 2.94 0.832 0.832 0.402 0.846 1.25 0.832 1.22 
18 0.048 2.32 0.661 0.644 0.294 0.662 0.995 0.661 1.23 
The properties 01 this Table apply only when the channels are adequately joined together. See Section 4 of Design Specification. 
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TABLE 5 
UlrMll I---e~ 2 CHANNELS J ..---... 
WITH d U -I 1-' 
x ~ x T 
~~~J STIFFENED FLANGES 0 BACK-TO-BACK n. I/R'J1 y 
----
Properties of Full Section Column Factor y (cont'd) 
"1lJx Dimensions of Sections Nominal Axis y-y Q 





In.- In.' In. psi psi In. In. In. In. In. In.- In. No. In. 
-- ---- -
12.52 3.58 1.52 0.751 0.703 12.0 7.0 1.0 0.135 0/,6 44.28 2.86 10 12 X 7 
9.45 2.70 1.50 0.689 0.640 12.0 7.0 0.9 0.105 0/,6 34.95 2.88 12 
12.52 3.58 1.60 0.819 0.770 10.0 7.0 1.0 0.135 0/,6 38.00 2.80 10 10 X 7 
9.45 2.70 1.58 0.756 0.705 10.0 7.0 0.9 0.105 0/,6 29.96 2.81 12 
6.33 1.81 1.54 0.634 0.567 10.0 7.0 0.7 0.075 %2 , 21.80 2.85 14 
10.31 3.17 1.52 0.852 0.803 9.0 6.5 1.0 0.135 0/16 29.45 2.57 10 9x612 
7.34 2.26 1.47 0.785 0.737 9.0 6.5 0.8 0.105 0/16 23.25 2.60 12 
5.19 1.60 1.45 0.674 0.607 9.0 6.5 0.7 0.075 %2 16.98 2.62 14 
3.96 1.22 1.42 0.590 0.522 9.0 6.5 0.6 0.060 %2 13.67 2.65 16 
7.90 2.63 1.41 0.887 0.837 8.0 6.0 0.9 0.135 0/16 22.28 2.36 10 8x6 
5.94 1.98 1.38 0.821 0.774 8.0 6.0 0.8 0.105 0/16 17.60 2.38 12 
4.20 1.40 1.37 0.719 0.653 8.0 6.0 0.7 0.075 %2 12.92 2.40 14 
3.19 1.06 1.34 0.635 0.565 8.0 6.0 0.6 0.060 %2 10.39 2.42 16 
5.90 2.14 1.29 0.924 0.876 7.0 5.5 0.8 0.135 0/,6 16.38 2.15 10 7 X 512 
4.72 1.71 1.30 0.861 0.814 7.0 5.5 0.8 0.105 3A6 12.93 2.16 12 
3.33 1.21 1.29 0.764 0.701 7.0 5.5 0.7 0.075 %2 9.49 2.18 14 
2.53 0.919 1.26 0.686 0.615 7.0 5.5 0.6 0.060 %2 7.68 2.20 16 
4.26 1.71 1.18 0.962 0.919 6.0 5.0 0.7 0.135 0/16 11.60 1.94 10 6x5 
3.42 1.37 1.19 0.905 0.858 6.0 5.0 0.7 0.105 0/16 9.18 1.95 12 
2.60 1.04 1.21 0.815 0.759 6.0 5.0 0.7 0.075 %2 6.78 1.95 14 
1.96 0.785 1.18 0.744 0.674 6.0 5.0 0.6 0.060 %2 5.48 1.97 16 
2.36 1.18 0.962 0.994 0.964 5.0 4.0 0.7 0.135 0/16 5.97 1.53 10 5x4 
1.90 0.950 0.973 0.951 0.907 5.0 4.0 0.7 0.105 0/16 4.75 1.54 12 
1.34 0.671 0.961 0.858 0.811 5.0 4.0 0.6 0.075 %2 3.54 1.56 14 
1.00 0.500 0.934 0.801 0.745 5.0 4.0 0.5 0.060 %2 2.86 1.58 16 
0.813 0.406 0.939 0.737 0.670 5.0 4.0 0.5 0.048 %2 2.31 1.58 18 
2.35 1.18 1.02 1.000 0.998 4.0 4.0 0.7 0.135 0/16 4.98 1.48 10 4x4 
1.90 0.950 1.03 0.994 0.968 4.0 4.0 0.7 0.105 3A6 3.97 1.49 12 
1.34 0.670 1.02 0.926 0.885 4.0 4.0 0.6 0.075 %2 2.96 1.51 14 
1.00 0.500 0.987 0.875 0.821 4.0 4.0 0.5 0.060 %2 2.40 1.53 16 
0.812 0.406 0.992 0.810 0.738 4.0 4.0 0.5 0.048 %2 1.94 1.53 18 
2.35 1.18 1.05 1.000 1.000 3.5 4.0 0.7 0.135 0/16 4.47 1.45 10 312 X 4 
1.90 0.950 1.06 1.000 0.991 3.5 4.0 0.7 0.105 0/16 3.57 1.45 12 
1.34 0.670 1.05 0.959 0.922 3.5 4.0 0.6 0.075 %2 2.67 1.48 14 
1.00 0.500 1.02 0.914 0.861 3.5 4.0 0.5 0.060 %2 2.16 1.50 16 
0.812 0.406 1.02 0.851 0.779 3.5 4.0 0.5 0.048 %2 1.75 1.50 18 
1.34 0.767 0.951 1.000 1.000 3.0 3.5 0.7 0.105 0/16 2.31 1.25 12 3x312 
0.860 0.491 0.906 0.985 0.954 3.0 3.5 0.5 0.075 %2 1.74 1.29 14 
0.703 0.402 0.912 0.949 0.910 3.0 3.5 0.5 0.060 %2 1.41 1.29 16 
0.515 0.294 0.881 0.900 0.840 3.0 3.5 0.4 0.048 %2 1.14 1.31 18 
DIMENSIONS: Equipment and forming practices vary with different manufacturers. resulting in minor v~riations in some of these dimensions. 
These minor variations do not affect the published properties. Consult the manufacturer for actual weight per foot and actual dimenSions. 
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TABLE 6 
I 2 CHANNELS 
I~:J 
WITH 
UNSTIFFENED FLANGES 0 x x 
BACK. TO-BACK 
1-= 
··Nominal Properties of Full Section 
Wl./Ft. Axis x·x 
Axis y.y 
Size Gage t DxB Area Ix Sx rx Iy Sy ry 
----
In. No. In. lbs. Sq. In. In.' In.' In. In.' In.' In. 
8x4 10 0.135 10.8 3.10 25.8 6.48 2.89 1.38 0.704 0.669 
12 0.105 8.46 2.42 20.6 5.14 2.91 1.10 0.555 0.674 
14 0.075 6.16 1.77 15.3 3.82 2.94 0.834 0.411 0.687 
16 O.OGO 4.88 1.40 12.0 3.00 2.93 0.586 0.303 0.647 
7x3 10 0.135 8.78 2.52 15.1 4.30 2.45 0.510 0.363 0.450 
12 0.105 7.00 2.00 12.4 3.54 2.48 0.464 0.313 0.481 
14 0.075 5.06 1.45 9.08 2.60 2.50 0.315 0.215 0.466 
16 O.OGO 3.98 1.14 7.08 2.02 2.49 0.211 0.152 0.429 
6x3 10 0.135 7.82 2.24 10.2 3.40 2.13 0.509 0.362 0.476 
12 0.105 6.26 1.80 8.44 2.80 2.17 0.464 0.312 0.508 
14 0.075 4.52 1.30 6.20 2.06 2.19 0.315 0.215 0.492 
16 O.OGO 3.56 1.02 4.84 1.61 2.17 0.211 0.152 0.454 
18 0.048 2.86 0.818 3.88 1.29 2.18 0.162 0.119 0.445 
5x2Yz 12 0.105 5.16 1.48 4.76 1.91 1.79 0.268 0.217 0.425 
14 0.075 3.68 1.06 3.42 1.37 1.80 0.154 0.134 0.382 
16 O.OGO 2.94 0.844 2.74 1.09 1.80 0.116 0.103 0.370 
18 0.048 2.30 0.662 2.12 0.846 1.79 0.074 0.071 0.335 
4x2Y4 12 0.105 4.34 1.25 2.66 1.33 1.46 0.229 0.195 0.429 
14 0.075 3.22 0.924 2.04 1.02 1.49 0.180 0.148 0.441 
16 0.060 2.52 0.724 1.58 0.792 1.48 0.116 0.103 0.400 
18 0.048 2.02 0.578 1.27 0.636 1.48 0.088 0.079 0.390 
3x2Y4 12 0.105 3.GO 1.04 1.32 0.878 1.13 0.228 0.195 0.470 
14 0.075 2.70 0.774 1.03 0.688 1.15 0.180 0.148 0.481 
16 O.OGO 2.10 0.G04 0.796 0.530 1.15 0.115 0.102 0.437 
18 0.048 1.68 0.482 0.638 0.426 1.15 0.088 0.079 0.427 
2x2Y4 12 0.105 2.88 0.826 0.500 0.500 0.779 0.227 0.194 0.525 
14 0.075 2.18 0.624 Q.400 0.400 0.800 0.179 0.148 0.536 I 16 0.060 1.69 0.484 0.308 0.308 0.799 0.115 0.102 0.488 
18 0.048 1.35 0.386 0.248 0.248 0.802 0.088 0.079 0.477 




y ~rB:1 r-- ...---. 2 CHANNELS 
WITH ['R 
x l\ 
UNSTIFFENED FLANGES 0 




Allowable Beam Column Factor 
Stress f . Dimensions of Sections 
- psi Q 
D B t R WI·/ft. Gage Size 
fb = 20.000 fb = 30,000 fb = 20.000 fb = 30.000 DxB 
- psi psi pSI psi In. In. In. In. lbs. No. In. 
-
---I---
18960 27490 0.817 0.736 8.0 3.934 0.135 0/16 10.8 10 8x4 
17100 22980 8.0 3.972 0.105 0/16 8.46 12 
13040 13150 8.0 4.052 0.075 %2 6.16 14 
.1 11610 11610 8.0 3.882 0.060 %2 4.88 16 I 
20000 30000 0.893 0.825 7.0 2.810 0.135 0/.6 8.78 10 7x3 
19340 28400 7.0 2.972 0.105 0/.6 7.00 12 
16610 21790 7.0 2.928 0.075 %2 5.06 14 
15090 18130 7.0 2.758 0.060 %2 3.98 16 
20000 30000 0.948 0.889 6.0 2.810 0.135 0/16 7.82 10 6 x3 
19340 28400 0.849 0.774 6.0 2.972 0.105 0/.6 6.26 12 
16610 21790 6.0 2.928 0.075 %2 4.52 14 
15090 18130 6.0 2.758 0.060 %2 3.56 16 
12840 12840 6.0 2.722 0.048 %2 2.86 18 
20000 30000 0.934 0.874 5.0 2.472 0.105 0/.6 5.16 12 5x2Yz 
18550 26490 5.0 2.302 0.075 %2 3.68 14 
17050 22870 5.0 2.258 0.060 %2 2.94 16 
15810 19850 5.0 2.098 0.048 %2 2.30 18 
20000 30000 0.991 0.953 4.0 2.346 0.105 0/.6 4.34 12 4x2~ 
18180 25580 0.827 0.734 4.0 2.428 0.075 %2 3.22 14 
17050 22870 4.0 2.258 0.060 %2 2.52 16 
15220 18430 4.0 2.222 0.048 %2 2.02 18 
20000 30000 1.000 1.000 3.0 2.346 0.105 0/16 3.60 12 3x2Y4 
18180 25580 0.897 0.815 3.0 2.428 0.075 %2 2.70 14 
17050 22870 0.808 0.694 3.0 2.258 0.060 %2 2.10 16 
15220 18430 0.687 0.538 3.0 2.222 0.048 %2 l.68 18 
20000 30000 1.000 1.000 2.0 2.346 0.105 3116 2.88 12 2x2Y4 
I 18180 25580 0.909 0.853 2.0 2.428 0.075 %2 2.18 14 17050 22870 0.853 0.762 2.0 2.258 0.060 %2 1.69 16 
15220 18430 0.759 0.608 2.0 2.222 0.048 %2 1.35 18 
. DIMENSIONS: Equipment and forming practices vary with different manufacturers, resulting in minor variations in some of these dimensions. 
These minor variations do not affect the published properties. Consult the manufacturer for actual weight per foot and actual dimensions. 
Column form factors, Q, for members having webs with wi t· ratios in excess of 60 are not shown. See limitations of Section 2.3.3(a) of the 




~ 2 EQUAL LEG ANGLES b· BACK-TO-BACK x , UNSTIFFENED LEGS y ...1-1 J 
BEAM STRENGTH DEFLECTION 
Ib = 20.000 psi Ib = 30.000 psi Any Grade Section 
Modulus Mmax. Mmax. of Steel Nominal Based (One Angle) on Full Compo I Comp. Compo Compo Theoretical !:I~ "gF Outline fc fc y I_ 
Size Gage Thickness Sz ~nE ~E Tension Tension 
In. No. In. In.' psi In.-Lbs. In.-Lbs. psi In.-Lbs. In.-Lbs. In. In.' 
4x4 10 .135 1.164 12300 14320 23280 12300 14320 34920 1.069 3.430 
3x3 10 .135 0.648 15340 9940 12960 18730 12140 19440 0.819 1.424 
12 .105 0.524 12600 6600 10480 12600 6600 15720 0.817 1.172 
2~ x2~ 10 .135 0.446 17090 7620 8920 m~~ 10230 13380 0.694 0.814 12 .105 0.364 14600 5310 7280 6160 10920 0.692 0.676 
2x2 10 .115 0.282 18830 5310 5640 27150 7660 8460 0.569 Q.408 
12 .105 0.232 16830 3910 4640 22330 5180 6960 0.567 0.346 
14 .075 0.l83 12590 2320 3680 12590 2320 5520 0.570 0.288 
16 .060 0.137 11040 1520 2760 11040 1520 4140 0.546 0.208 
The procerties 01 this Table ma~ be used only when Ihe angles are adequately joined and adequately braced laterally. Q is the column factOI (Sec. 3 . .I. Design Specification. 
Where the vertical legs 01 the angles are in compression. M rna> is based on the values 01 I e (Sec. 3.2 of Design Specification) indicated ; where 





± 2 EQUAL LEG ANGLES % BACK-TO-BACK '1 V" UNSTIFFENED LEGS ~B---l v 
COLUMN PROPERTIES DIMENSIONS 
Full Theoretical Outline Q Thickness Radius weifht Nominal B t R per t. Size Area r" ry fb = fb = 
----
Sq. In. In. In. 20.000 psi 30,000 psi In. In. In. Lbs. In. 
---
2.10 1.28 1.67 0.542 0.361 8.030 .135 o/Is 7.32 4x4 
1.56 0.955 1.26 0.767 0.624 6.030 .135 o/Is 5.44 3x3 
1.24 0.972 1.27 0.587 0.391 6.110 .105 o/Is 4.32 
1.29 0.793 1.05 0.854 0.764 5.030 .135 3;1S 4.50 2Yz X 2Yz 
1.03 0.811 1.07 0.730 0.563 5.110 .105 3/IS 3.58 
1.02 0.632 0.850 0.941 0.904 4.030 .135 3;1S 3.56 2x2 
0.820 0.649 0.862 0.842 0.745 4.110 .105 3/IS 2.86 
0.622 0.680 0.887 0.586 0.390 4.276 .075 %2 2.16 
0.482 0.658 0.855 0.401 0.267 4.128 .060 3/32 1.68 
DIMENSIONS: Equipment and forming practices vary with different manufacturers, resulting in minor variations in some of these dimensions. 




~ 2 EQUAL LEG ANGLES = ;:= BACK-TO-BACK STIFFENED LEGS x y G n x ,--
y 
Properties 01 Full Section 
Nominal 
(One Angle) 
Wt./Ft. Axis x·x Axisy·y 
Area I 
Size Gage Thickness I 5 r y I r 
In. No. In. lbs. In.2 In.- In.' In. In. In.- In. 
---
4x4 10 0.135 8.92 2.56 5.23 1.92 1.43 1.29 9.51 1.93 
3x3 10 0.135 6.68 1.91 2.16 1.07 1.06 0.993 4.05 1.46 
12 0.105 5.18 1.49 1.73 0.832 1.08 0.973 3.13 1.45 
2~ X 2~ 10 0.135 5.36 1.54 1.16 0.6B4 0.868 0.81B 2.19 1.19 
12 0.105 4.30 1.23 0.989 0.572 0.B95 0.B24 1.83 122 
2x2 10 0.135 4.42 1.27 0.612 0.466 0.695 0.695 1.22 0.981 
12 0.105 3.56 1.02 0.534 0.396 0.722 0701 1.04 1.008 
14 0.075 2.66 0.762 0.444 0.30B 0.763 0.693 0.810 
I 
1.031 
16 0.060 2.00 0.574 0.306 0.216 0.731 0.646 0.546 0.975 




y r- 2d -j 
= r= 2 EQUAL LEG ANGLES ~ ~ I BACK-TO-BACK I!z 
xQ nX STIFFENED LEGS drr I .~ ~ y 
Column Form 
Factor Dimensions of Sections 
Q 
ib=20,000 fb=30,000 B I d t R Wt/Ft Gage Size psi psi In. In. In. In. lbs. No. In. 
1.000 0.997 8.030 1.1 0.135 3M 8.92 10 4x4 
1.000 1.000 6.030 0.9 0.135 3M 6.68 10 3x3 
1.000 1.000 6.110 0.8 0.105 3M 5.18 12 
1.000 1.000 5.030 0.7 0.135 3M 5.36 10 2\1z X 2\1z 
1.000 1.000 5.110 0.7 0.105 lA6 4.30 12 
1.000 1.000 4.030 0.7 0.135 3M 4.42 10 2x2 
1.000 1.000 4.110 0.7 0.105 3A6 3.56 12 
1.000 1.000 4.276 0.6 0.075 ~ 2.66 14 
1.000 0.985 4.128 0.5 0.060 % 2.00 16 
DIMENSIONS: Equipment and forming practices vary with different manufacturers, resulting in minor variations in some of these dimensions. 
These minor variations do not affect the published properties. Consult the manufacturer for actual weight per foot and actual dimensions. 
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TABLE 9 ~Rh y ·d-I- b HAT SECTIONS 'tt- -t. " I 
'I Effective section for beam strength about the x·x axis where 
Wi t of compression flange exceeds 28.4 for fh = 20,000 psi 
and 23.2 for flo = 30,000 psi. 
For Beam Strength Calculations For Deflect ion Calculations 
Nominal Camp. Comp. Compo Camp. Compo camp. For Column Strength 























-- - - --
~---. 
- - - - - --- ------
10 X 15 10 0.135 17.15 9.45 10.3 9.18 10.3 67.5 59.1 55.5 67.5 5.04 3.66 6.46 
12 0.105 13.2 6.66 7.54 6.46 7.54 50.2 41.0 38.4 50.2 3.87 3.GO 6.42 
10 X 10 12 0.105 11.4 6.57 7.11 6.40 7.11 43.6 39.4 37.3 43.6 3.34 3.61 4.47 
14 0.075 7.98 4.12 4.68 4.00 4.68 29.4 24.3 23.0 29.4 2.35 3.54 4.44 
10 X 5 14 0.075 6.71 4.02 4.19 3.93 4.19 23.4 22.6 21.8 23.4 1.97 3.45 2.34 
8 X 12 10 0.135 13.9 6.68 7.09 6.51 7.09 36.3 33.6 31.8 36.3 4.10 2.98 5.21 
12 0.105 10.7 4.68 5.13 4.55 5.13 26.8 23.3 21.9 26.8 3.13 2.93 5.17 
8x8 12 0.105 9.23 4.GO 4.83 4.49 4.83 23.3 22.1 21.1 23.3 2.71 2.93 3.60 
14 0.075 6.45 2.85 3.14 2.77 3.14 15.6 13.6 12.9 15.6 1.90 2.87 3.56 
8x4 14 0.075 5.43 2.76 2.81 2.71 2.81 12.4 12.3 12.0 12.4 1. GO 2.78 1.88 
16 0.060 4.29 2.06 2.15 2.02 2.15 9.61 9.28 8.97 9.61 1.26 2.76 1.87 
6x9 10 0.135 10.7 4.31 4.43 4.21 4.43 16.4 16.0 15.4 16.4 3.15 2.28 3.97 
12 0.105 8.16 3.00 3.16 2.92 3.16 12,\ 11.3 10.7 12.1 2.40 2.24 3.92 
6x6 12 0.105 7.09 2.92 2.98 2.87 2.98 10.4 10.3 10.0 10.4 2.08 2.24 2.74 
14 0.075 4.92 1.79 1.90 1.75 1.90 6.91 6.47 6.\6 6.91 1.45 2.18 2.69 
6x3 14 0.075 4.16 1.70 1.70 1.68 1.70 5.48 5.44 5.46 5.48 1.22 2.1 2 1.43 
16 0.060 3.27 1.27 1.29 L25 1.29 4.23 4.21 4.13 4.23 0.963 2.\0 1.42 
18 0.048 2.59 0.954 0.986 0.93 0.984 3.28 3.20 3.10 3.28 0.761 2.08 1.41 
4x6 10 0.135 7.51 2.34 2.35 2.31 2.35 5.43 5.43 5.40 5.43 2.21 1.57 2.76 
12 0.105 5.66 1.62 1.65 1.59 1.65 3.96 3.94 3.83 3.96 1.66 1.54 2.69 
4 X 4 12 0.\05 4.94 1.55 1.55 1.54 1.55 3.39 3.39 3.39 3.39 1.45 1.53 1.91 
14 0.0-75 3.39 0.945 0.961 0.928 0.961 2.23 2.22 2.16 2.23 0.998 1.49 1.83 
4x2 14 0.075 2.88 0.863 0.863 0.863 0.863 1.75 1.75 1.75 1.75 0.848 1.44 0.996 
16 O.OGO 2.25 0.639 0.643 0.641 0.643 1.34 1.34 1.34 1.34 0.663 1.42 0.972 
18 0.048 I.n 0.482 0.483 0.477 0.483 1.03 1.03 1.03 1.03 0.520 1.41 0.956 
3x4Yz 10 0.135 5.90 1.51 1.51 1.52 1.52 2.47 2.47 2.46 2.47 1.736 1.19 2.19 
12 0.105 4.41 1.05 1.05 1.04 1.05 1.81 1.81 1.80 1.81 1.297 1.18 2.09 
3x3 12 0.105 3.87 0.993 0.993 0.993 0.993 1.53 1.53 1.53 1.53 1.139 1.16 1.52 
14 0.075 2.63 0.603 0.604 0.597 0.604 1.01 1.01 1.00 1.01 0.773 1.14 1.41 
3xl14 14 0.075 2.25 0.504 0.504 0.504 0.504 0.784 0.784 0.784 0.784 0.6GO 1.09 0.793 
16 0.060 1.74 0.400 0.400 0,400 0.400 0.599 0.599 0.599 0.599 0.513 1.08 0.760 
18 0.048 1.36 0.297 0.297 0.297 0.297 0.459 0.459 0.459 0.459 0.400 1.07 0.738 
2x4 12 0.105 3.52 0.596 0.596 0.593 0.596 0.672 0.672 0.671 0.672 1.03 0.806 1.90 
14 0.075 2.37 0.350 0.353 0.345 0.353 0.433 0.432 0.423 0.433 0.698 0.787 1.77 
2x2 14 0.075 1.86 0.321 0.321 0.321 0.321 0.329 0.329 0.329 0.329 0.548 0.174 1.01 
16 0.060 1.44 0.233 0.233 0.233 0.233 0.250 0.248 0.248 0.250 0.423 0.768 0.973 
2 X I 16 0.060 1.23 0.178 0.178 0.178 0.178 0.193 0.\93 0.193 0.193 0.363 0.729 0.566 
18 0.048 0.953 0.142 0.142 0.142 0.142 0.147 0.147 0.147 0.147 0.280 0.725 0.532 
lYz X 3 12 0.105 2.80 0.390 0.390 0.390 0.390 0.304 0.304 0.304 0.304 0.824 0.607 1.54 
14 0.075 1.86 0.230 0.230 0.228 0.230 0.198 0.198 0.198 0.198 0.548 0.602 1.39 
lYz X lYz 14 0.075 1.48 0.187 0.187 0.187 0.187 0.148 0.148 0.148 0.148 0.435 0.583 0.832 
16 0.060 1.13 0.150 0.150 0.150 0.150 0.113 0.113 0.113 0.113 0.333 0.582 0.779 
lYz X % 16 0.060 0.979 0.0993 0.0993 0.0993 0.0993 0,0856 0.0856 0.086 0.085 6 0.288 0.545 0.484 
18 0.048 0.749 0.0795 0,0795 0.0795 0.0795 0.0657 0.0657 0.066 0.065 7 0.220 0.546 0.442 
NOTE: S'" and I'" in this Table are properties of full ( unreduced) section, and are applicable as indicated. The 
effective section moduli-in-
bending about the y-y axis have not been tabulated. When one of the webs acts as a compression flange the
 section modulus .should be 
calculated on the baSIS of Its effective width as provided In Section 2.3 of the DeSign Specific
ation. When the web acts as a tension flange 
the section modulus of the full section is effective. 
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TABLE 9 
~8~ Y ~ ·d-~ L~ HAT SECTIONS T T - r-t , : I--' f-.-j-. 7-' y _!=== . lL' . I ~.!~ y 
Column Factor Additional Properties 
of Dimensions of Sections Q Full (u nreduced) Sections 
Sy Iy Y 0 8 8 0 d t R Wl / Ft. Gage ::,.ize fb = 20.000 fb = 30,000 DxB 
psi psi --- ----- - - - - -- - - - --- - - --------In.' In.' In. In. In. In. In. In. In. lbs. No. In. 
--- ---- - ---- - - - - --
- - - - --------
23.3 210.3 6.54 10.0 15.0 18.07 1.67 0.135 3/16 17.15 10 10 X 15 
18.3 159.5 6.65 10.0 15.0 17.47 1.34 0.105 0/16 13.2 12 
10.7 66.77 6.14 10.0 10.0 12.47 1.34 0.105 0/16 11.4 12 10 X 10 
7.91 46.21 6.30 10.0 10.0 11.68 0.915 0.075 %2 7.98 14 
3.23 10.79 5.60 10.0 5.0 6.68 0.915 0.075 %2 6.71 14 10 X 5 
14.8 111.2 5.12 8.0 12.0 15.07 1.67 0.135 0/16 13.9 10 8 X 12 
11.6 83.63 5.23 8.0 12.0 14.47 1.34 0.105 0/16 10.7 12 
6.72 35.21 4.81 8.0 8.0 10.47 i.34 0.105 3/16 9.23 12 8x8 
4.97 24.07 4.97 8.0 8.0 9.68 0.915 0.075 %2 6.45 14 
1.99 5.66 4.40 8.0 4.0 5.68 0.915 0.075 3/32 5.43 14 8x4 
1.65 4.43 4.47 8.0 4.0 5.38 0.75 0.060 3/32 4.29 16 
0.859 0.781 8.24 49.74 3.71 6.0 9.0 12.07 1.67 0.135 0/.<;; 10.7 10 6x9 0.751 0.671 6.42 36.84 3.82 6.0 9.0 11.47 1.34 0.105 3116 8.16 12 
0.835 0.752 3.71 15.70 3.49 6.0 6.0 8.47 1.34 0.105 0/16 7.09 12 6x6 
2.73 10.48 3.64 6.0 6.0 7.68 0.915 0.075 3/32 4.92 14 
1.07 2.51 3.21 6.0 3.0 4.68 0.915 0.075 %2 4.16 14 6x3 
0.883 1.93 3.28 6.0 3.0 4.38 0.75 0.060 %2 3.27 16 
0.728 1.51 3.33 6.0 3.0 4.14 0.618 0.048 %2 2.59 18 
0.974 0.942 3.72 16.86 2.31 4.0 6.0 9.07 1.67 0.135 0/16 7.51 10 4x6 0.924 0.861 2.84 12.05 2.41 4.0 6.0 8.47 1.34 0.105 0/16 5.66 12 0.988 0.939 1.64 5.31 2.19 4.0 4.0 6.47 1.34 0.105 0/16 4.94 12 4x4 0.856 0.773 1.18 3.35 2.32 4.0 4.0 5.68 0.915 0.Q75 %2 3.39 14 0.887 0.822 0.457 0.842 2.03 4.0 2.0 3.68 0.915 0.075 %2 2.88 14 4x2 0.369 0.626 2.09 4.0 2.0 3.38 0.75 O.OGO 3/32 2.25 16 
0.303 0.476 2.14 4,0 2.0 3.14 0.618 0.048 3/32 1.77 18 
1.000 0.990 2.19 8.28 1.63 3.0 4.5 7.57 1.67 0.135 0/16 5.90 10 3x4Yz 0.982 0.955 1.63 5.69 1.71 3.0 4.5 6.97 1.34 0.105 3/16 4.41 12 1.000 1.000 0.956 2.62 1.54 3.0 3.0 5.47 1.34 0.105 3/16 3.87 12 3 X 3 0.969 0.907 0.659 1.54 1.67 3.0 3.0 4.68 0.915 0.075 %2 2.63 14 0.976 0.928 0.261 0.415 1.45 3.0 1.5 3.18 0.915 0.075 %2 2.25 14 3xlYz 0.915 0.853 0.205 0.296 1.50 3.0 1.5 2.88 0.75 O.OGO %2 1.74 16 0.839 0.772 0.165 0.218 1.55 3.0 1.5 2.64 0.618 0.048 %2 1.36 18 
0.994 0.971 1.15 3.72 1.13 2.0 4.0 6.47 1.34 0.105 0/16 3.52 12 2x4 0.931 0.892 0.772 2.19 1.22 2.0 4.0 5.68 0.915 0.075 %2 2.37 14 1.000 1.000 0.307 0.564 1.02 2.0 2.0 3.68 0.915 0.Q75 %2 1.86 14 2x2 1.000 0.978 0.237 0.400 1.07 2.0 2.0 3.38 0.75 0.060 %2 1.44 16 1.000 0.982 0.0976 0.116 0.920 2.0 1.0 2.38 0.75 0.060 %2 1.23 16 2 xl 0.975 0.928 0.0743 0.0795 0.961 2.0 1.0 2.14 0.618 0.048 %2 0.953 18 
1.000 1.000 0.715 1.96 0.778 1.5 3.0 5.47 1.34 0.105 0/16 2.80 12 lYz X 3 0.986 0.956 0.454 1.06 0.864 1.5 3.0 4.68 0.915 0.075 %2 1.86 14 1.000 1.000 0.l89 0.301 0.709 1.5 1.5 3.18 0.915 0.Q75 %2 1.48 14 lYz X 1Yz 1.000 1.000 0.141 0.202 0.750 1.5 1.5 2.88 0.75 0.060 %2 1.13 16 1.000 1.000 0.0633 0.0674 0.637 1.5 0.75 2.l3 0.75 0.060 %2 0.979 16 lYz X % 1.000 0.996 0.0455 0.0430 0.673 1.5 0.75 1.89 '0.618 0.048 %2 0.749 18 
DIMENSIONS: Equipment and forming practices vary with different manufacturers, resulting in minor variations in some of these dimensions. 
These minor variatIOns do not affect the published properties. Consult the manufacturer for actual weight per foot and actual dimensions. 
Column form factors, Q, for members havin~ webs witfl w/ t·ratios in excess of 60 are not shown. See limitations of Section 2.3.3(a) of the 




I" · m ~ ONE FLANGE STIFFENER (Which Includes One 90° Corner) fi=:;===::::'-:'"lj 




Stock Width of Blank Taken at tl3 Distance From I nner Surface. 
Nom· Thick· PROPERTIES DIMENSIONS Nom· inal ness Depth X-X AXIS V-V AXIS Max. Thick· inal Radius Depth 
--
-- Area Flange Blank ness 





I---No. In. In. In.' In. In.' In. SQ. In. In. In. In. In. In. No. 
-----
-
---- - - ----------
1.0 .01255 .4737 .000796 .1005 .14554 3.87 1.043 .135 311& 1.0 
.9 .00916 .4250 .000759 .l039 .13204 3.25 0.943 .135 0/1& .9 
.8 .00643 .3766 .000719 .1080 .11854 2.81 0.843 .135 3fi& .8 10 .135 .7 .00430 .3286 .000674 .1133 .10504 2.53 0.743 .135 3fi& .7 10 
.6 .00269 .2811 .000621 .1200 .09154 2.37 0.643 .135 3/1& .6 
.5 .00153 .2346 .000556 .1291 .07804 2.30 0.543 .135 3fi& .5 
.4 .00076 .1896 .000474 .1420 .06454 2.27 0.443 .135 3fi& .4 
.9 .00735 .4205 .000475 .0850 .10337 4.28 0.957 .105 0/1& .9 
.8 .00518 .3719 .000453 .0886 .09287 3.34 0.857 .105 3fi& .8 
.7 .00348 .3237 .000428 .0932 .08237 2.66 0.757 .105 3fi& .7 12 .105 .6 .00219 .2761 .000398 .0992 .07187 2.22 0.657 .105 3fi& .6 12 
.5 .00126 .2292 .000362 .1072 .06137 1.98 0.557 .105 3fi& .5 
.4 .00064 .1836 .000314 .1185 .05087 1.88 0.457 .105 3fi& .4 
.9 .00493 .4351 .000081 .0475 .07031 6.79 0.918 .075 %2 .9 
.8 .00348 .3855 .000076 .0487 .06281 4.94 0.818 .075 %2 .8 14 .075 .7 .00234 .3361 .000072 .0502 .05531 3.50 0.718 .075 %2 .7 14 
.6 .00148 .2869 .000067 .0522 .04781 2.46 0.618 .075 %2 .6 
.5 .00086 .2379 .000062 .0549 .04031 1.77 0.518 .075 %2 .5 
.4 .00044 .l894 .000055 .0589 .03281 1.40 0.418 .075 %2 .4 
.8 .00283 .3836 .000048 .0400 .05044 7.50 0.825 .060 %2 .8 
.7 .00191 .3341 .000045 .0414 .04444 5.19 0.725 .060 %2 .7 16 .060 .6 .00121 .2848 .000043 .0432 .03844 3.46 0.625 .060 %2 .6 16 
.5 .00071 .2357 .000040 .0456 .03244 2.23 0.525 .060 %2 .5 
.4 .00036 .l871 .000036 .0492 .02644 1.48 0.425 .060 %2 .4 
.7 .00155 .3325 .000030 .0344 .03567 7.96 0.731 .048 %2 .7 18 .048 .6 .00099 .2831 .000028 .0360 .03087 5.19 0.631 .048 %2 .6 18 
.5 .00058 .2340 .000026 .0382 .02607 3.20 0.531 .048 %2 .5 




















ONE 90° CORNER 
PROPERTIES AND DIMENSIONS 
TABLE 11 
Stock Width of Blank Taken at t/a Distance From Inner Surface. 
PROPERTIES DIMENSIONS 
Moment of Centroid Radius Nominal 
Inertia Coordinates Blank Thickness Inside Area Width 
Ix = Iy x=y t R Gage 
In.- In. Sq. In. In. In. In. No. 
.0003889 .1564 .05407 .3652 .135 .1875 10 
.0002408 .1373 .03958 .3495 .105 .1875 12 
.0000301 .0829 .01546 .1865 .075 .0938 14 
.0000193 .0734 .01166 .1787 .060 .0938 16 
.0000128 .0658 .00888 .1724 .048 .0938 18 
.00000313 .0464 .00452 .1170 .036 .0625 20 
TABLE 12 
Standard Weights and Thickness of Uncoated Steel Sheets 
U. S. Standard Weight in Approximate 
Gage Number Ibs. per sq. ft. Thickness, in. 
4 9.375 0.2242 
6 8.125 0.1943 
8 6.875 0.1644 
10 5.625 0.1345 
12 4.375 .1046 
14 3.125 .0747 
16 2.500 .0598 
18 2.000 .0478 
20 1.500 .0359 
22 1.250 .0299 
24 1.000 .0239 
26 .750 .0179 
28 .625 .0149 
30 .500 .0120 
U. S. Standard Gage is a weight gage, the basis of each gage number being the 
weight per square foot. The thicknesses shown in the above table are based upon 
a weight of 41.820 pounds per square foot per inch thickness. In the other tables in 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EFFECTIVE CROSS SECTIONS 
OF MEMBERS IN BENDING 
Double Channel I-Beam 
with Stiffened Flanges 
Multiple Stiffened Hat Section 
Multiple Stiffened 




Inverted "U" Section 
CHART 2 
EFFECTIVE DESIGN AREA FOR 
DETERMINING "Q" FOR CROSS SECTIONS 
OF MEMBERS IN COMPRESSION 
(See Section 3.6.1) 
Q = Total Area - Shaded Area (WHERE ALL ELEMENTS ARE) 






Double Channel I-Beam 




























EFFECTIVE WIDTH FOR SAFE LOAD DETERMINATION 
(Section 2.3.1.1 of the Specification) 
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EFFECTIVE WIDT'H FOR SAFE LOAD DETERMINATION 
(Section 2.3.1.1 of the Specification) 
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EFFECTIVE WIDTH FOR DEFLECTION DETERMINATION 
(Section 2.3.1.1 of the Specification) 
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EFFECTIVE WIDTH FOR DEFlECTION DETERMINATION 
(Section 2.3.1.1 of the Specification) 
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MAXIMUM ALLOWABLE COMPRESSION STRESS IN FLANGES 
OF BEAMS SUBJECT TO LATERAL BUCKLING 
2. <0 60 10 
" 
echon 0 t e peci Icatlon (S 33 f h S 'fi 
32 (1) for I or [ Section ~I ~ . ~ 
fb 30,000 psi ::;- i (2) for Z Section 3. 
{ll {21 1\ I\. 
1\ \ 21 
\ ". 1<0 160 110 200 22. 2<0 260 210 \ d 
V 
- ~~- 1---- L -- --~ ~\ 
'" 
I I 
01-- -~ 1\'" \ g \ 
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MAXIMUM END REACTIONS ON SINGLE WEB BEAMS 
Chart applies to beams of steel having yield point of 33,000 psi with inside 
corner radius equal to or less than sheet thickness. For other conditions see Section 
3.5 (a) (1). 
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MAXIMUM CONCENTRATED LOADS OR INTERIOR REACTIONS 
ON SINGLE WEB BEAMS 
Chart applies to beams of steel having yield point of 33,000 psi with inside 
corner radius equal to or less than sheet thickness. For other conditions see Section 
3.5 (a) (2). 
I-+-H-HI-+-+++++I-H~-+-i-+-+-+-++-++. 5 I-+-H-HI-+-+++++I-t ~-+-i-+-+-+-++--t-IJ--- • I-+-t-++-+-+-I-+-+-+++-+ +++-+-I"+-+-+--tHj--~ 3 1-+-++-.-,---+ ~ ~-I-+-+++ -+++-+--+-1_. 5 
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Thickness of Sheet in inches - t 
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CHART 7C 
MAXIMUM END REACTIONS FOR BEAMS WITH DOUBLE WEBS, OR OTHER 
SECTIONS HAVING RESTRAINT AGAINST WEB ROTATION 
Chart applies to beams of steel having yield point of 33,000 psi. For other steels, 
the maximum end reactions shown on the chart should be multiplied by the ratio 
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MAXIMUM CONCENTRATED LOADS OR INTERIOR REACTIONS FOR BEAMS 
WITH DOUBLE WEBS, OR OTHER SECTIONS HAVING 
RESTRAINT AGAINST ROTATION 
Chart applies to beams of steel having yield point of 33,000 psi. For other steels, 
the maximum concentrated loads or interior reactions shown on the chart should 
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MAXIMUM SPACING OF CONNECTIONS IN COMPRESSION ELEMENTS 
Chart based on Section 4.4 (b) of the Specification. Spacing must also conform to 
Sections 4.4(a) and 4.4(c) of the Specification. 
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APPENDIX 
The references listed below cover some of the research investigations that 
provide the background for the Design Specification. 
( 1) Stress Distribution in and Equivalent Width of Flanges of Wide, Thin-
Wall Steel Beams, by George Winter, N.A.C.A. Technical Note No. 784, 
1940.· 
( 2) The Durability of Lightweight Types of Steel Construction, American 
Iron and Steel Institute, 1942. 
(3) Durability of Light Weight Steel Construction, by J. H. Cissel and W. E. 
Quinsey, University of Michigan Engineering Research Bulletin No. 30, 
1942. 
(4) Crushing Strength of Thin Steel Webs, by George Winter and R. H. J. 
Pian, Cornell University Engineering Experiment Station Bulletin No. 35, 
Part 1, 1946. 
( 5) Strength of Thin Steel Compression Flanges, by George Winter, Trans. 
ASCE, vol. 112, p. 527, 1947.u 
(6) Discussion by George Winter of Strength of Beams as Determined by 
Lateral Buckling, by Karl de Vries, Trans. ASCE, vol. 112, p. 1272, 
1947. 
(7) Light Gage Steel Columns in Wall-Braced Panels, by G. G. Green, George 
Winter, and T. R. Cuykendall, Cornell University Engineering Experi-
ment Station Bulletin No. 35, Part 2, 1947. 
(8) Performance of Thin Steel Compression Flanges, by George Winter, 
International Association for Bridge & Structural Engineering, Third 
Congress, Liege, Preliminary Publication, p. 317, 1948. '"' 
(9) Buckling of Trusses and Rigid Frames, by George Winter, P. T. Hsu, B. 
Koo, and M. H. Loh, Cornell University Engineering Experiment Station 
Bulletin No. 36, 1948. 
( 10) Discussion by George Winter of Stability of Thin-Walled Compression 
Members, by H. D. Wimer, Jr., Trans. ASCE, vol. 114, p. 553, 1949. 
( 11) Performance of Laterally Loaded Channel Beams, by George Winter, W. 
Lansing and R. B. McCalley, Jr., Research, Engineering, Structures Sup-
plement (Colston Papers, vol. II), p. 49, London, 1949. '"' 
(12) Performance of Compression Plates as Parts of Structural Members, by 
George Winter. (Same reference as 11, above, p. 179.·) 
• Also available in Four Papers on the Performance of Thin Walled Steel Structures, 
Cornell University Engineering Experiment Station Reprint No. 33, 1950 . 
•• Also available with supplements in Cornell University Engineering Experiment Sta-
tion Bulletin No. 35. Part 3, 1947. 
114 
(13) Light-gage (Thin-walled) Steel Structures for Buildings in the U.S.A., 
by George Winter, International Association for Bridges & Structural 
Engineering, Fourth Congress, Preliminary Publication, p. 523, Cam-
bridge - London, 1952. 
(14) Supplement to (13) by George Winter, Same Congress, Final Publica-
tion, p. 261, 1953. 
(15) Unsymmetrical Bending of Beams With and Without Lateral Bracing, by 
Lev Zedin and George Winter, Proc. ASCE, vol. 81, Paper No. 774, 1955. 
(16) Tests on Bolted Connections in Light Gage Steel, by George Winter, Proc. 
ASCE, vol. 82, Paper No. 920, 1956. 
(17) Light Gage Steel Connections With High-Strength, High-Torqued 
Bolts, by George Winter, International Association for Bridge and Struc-
tural Engineering, Zurich, 1956. 
(18) Cold-Formed, Light-Gage Steel Construction, by George Winter, Proc. 
ASCE, Journal of Structural Division, vol. 85, No. ST 9, Nov. 1959. 
( 19) Shear Diaphragms of Light Gage Steel, by Arthur H. Nilson, Proc. ASCE, 
Journal of Structural Division, vol. 86, No. ST 11, Nov. 1960. 
(20) Diaphragm Action in Light Gage Steel Construction, by Arthur H. 










_ ___ ____  AISI _ __ _____ . ___ ____ _ 
-Light Gage Cold-Fbrmed Steel 
I}e$1gn ~nJ,tE!.l __ ~ _1961 e!ll t19,tl __ 

